WO 02/ 33025 PCT/ USOL/ 31919 C- NI TROSOANI LI NE COVPOUNDS AND THEI R BLI NDS AS
POLYMERI ZATION INHIBITORS | claimthe benefit under Title 35, United States
Code, 1X000p330285. Provisional 5 Application Nunber 60/ 24PC0D84¢1/f1p1%d

Cct ober 16, 2000, entitled C N TROSOAN LI NE COVPOUNDS AND THEI R BLENDS AS
PCLYMERI ZATION I NHI BI TORS and to U.S. Provisional Application Nunber

60/ 240,082, filed Cctober 16, 2000, entitled QU NONEDI | M NEOXI ME COVPOUNDS
AND THEI R BLENDS AS POLYMERI ZATI ON | NHI BI TORS. 10 BACKGROUND OF THE
INVENTION 1. Field of the Inventi on 15 The present invention is directed
to the use of at ¢eqgl n%@(‘é/\%i“mi JW)&CRW*F RAREfRpGUI none i mine
oxime, alone or in co R‘?&A ”\Qﬁﬁ L nitroxide free

radi cal conpound, and/or % one it roarona i'c conpound, and/or at

| east one qui hone alklde c npound rably a qui none hgde and/ or at
| east one qui hebn danpesiid) "“"%trnHl‘&r‘ﬁpqlﬁﬁs‘t‘““@hé" Gy ’Lﬁ"ﬁg el Evitisd
and/Sor  abppleionghemiyripRy9.85. dded Geirdend 6, 2190 aemditind tNl|FéH%%0 LINE
phenyl en€ONPOANRS o AdIE Bh BLENRS ASoP ObMMERIZA TIOMN BYHIBHEORS and to

pol yner i €&t Peavisfonel Appkaitoal Nymumns6d/24@082 ehOoebsr 1@,.20D8sartithili on of

Rel at ed QUANVEMEDEINIYNEOXIA I Y OMP UNBISeUN DOTARER BLENBSiASDbl y pol yneri ze

at vari opigy 3tgea ZAf rIoNeNHIBRNOR&Ct ure, processing, handling, storage, and
use,y, A particularly troubl esome 25 problemis equipment fouling caused by

pol ymeri zation in the pur Alcq@éwkm{]ﬁ Fs“_% INQ’% ﬁr(ﬁguctl on processes of
uc

such nononmers. Pol ynerization, S hermal yrrerl zation,
1. Field of the Invention
15 The present invention is directed to the use of at least one C-nitrosoaniline compound

and/or quinone imine oxime, alone or in combination with at least one stable nitroxide free
radical compound, and/or at least one nitroaromatic compound, and/or at least one quinone
alkide compound, preferably a quinone methide, and/or at least one quinone compound,
and/or at least one hydroquinone compound, and/or at least one hydroxylamine compound,
20 and/or at least one phenylenediamine compound, and/or air or oxygen to inhibit the
polymerization of ethylenically unsaturated monomers.
2. Description of Related Art
Many ethylenically unsaturated monomers undesirably polymerize at various stages of
their manufacture, processing, handling, storage, and use. A particularly troublesome
25 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 removed from time to time. Additionally, the formation of soluble

30 polymer leads to Toss of monomer. 1.c.. a lower yield, and an increase in the viscosity ol any



during their purification results in the loss of the nononer and a loss in
production efficiency owing to the deposition of polynmer in or on the

equi prentwoe/say2iised in the purification, the deposits oPCWuselBimIst he
removed fromtime to tinme. Additionally, the formation of soluble 3U

pol ymer leads to | oss of nononer. i.e., a lower yield, and an increase in
the viscosity of any | WO 02/33025 PCT/USO01/31919 tars that nay be
produced. The processing of the tars then requires higher tenperature and
work (energy cost) to renove residual nononer. A wide variety of conpounds
has been gk @p@w? rndodiged The piookisbigtd Mig: sabat eqlik@chigiandoupdeisia e

pol yneri zati on of ethylenically unsaturated nononers. There remai ns a need,

.5 hpmver\\?mf{?&gncﬁ'@ &QW19ir&ﬂ&v&rbﬂ&uﬂ%m%lc&‘. provi des_ highly eff eCf[ ive
i nhi bition of pofynerization uring normal operation of a continuous
i.sfact

manuf acturing or .purification process, but also provides, sat.isf r'Vi
protection in /§ Pivég VY %4‘303”1085 ¥ 16?3%86%{) FORUG sa”ﬁrli'h(fdbll'%f Slrhllflégfd}mw]?r éCd nmany
inhibitors are known to provide sufficient protection in_one of these
scenar i ognd thdssired peby rstzaliree gty legical it yspetesl poumpes hBEE [HOFRRR NEFY
upset operating conditions. 10 Accordingly, a substantial need continues in
the art fhokvelvep faveddnkibitposittiod nslyfppovidediiphly iefigetiiehehipbloprmd pokantdruntiof
such nonomers during their production and during the distillation process

for puri fcMiri'ﬂg B mSERREAoh B8 a tHRTMLLOMahMBMGHAE 6Spurdalde brodsssdbitiang
transport an storage. Aromatic nitroso and di-nitroso conpounds are known

to be useful. .as chem cal nt s c I » 1-0Q: f.or p@t.j.on of
1 er eraopgRerTrimeagee R s R T i BL o SN BT M B S8, TP
am nes, including polyam nes or phenglic conpounds. T are alsg known to
Do, Liset Ul BhaTATE B RO QUG G OB ea Pt e p.
am nodi phenyl am ne.

have not been fully satisfaclory under both normal and upset operating conditions.

10 Accordingly, a substantial need continues in the art for improved compositions for inhibiting
the polymerization of such monomers during their production and during the distillation
process for purifying or separating them from impurities, as well as during transport and
storage.

Aromatic nitroso and di-nitroso compounds are known to be useful as chemical agents

15 capable of promoting the formation of filler-elastomer linkages. The aromatic nitroso
compounds may be aromatic amines, including polyamines or phenolic compounds. They are
also known to be useful intermediates in the production of other chemicals, such as p-
aminodiphenylamine.

U.S. Patent Numbers 3,988,212 and 4,341,600 disclose the use of
20 N-nitrosodiphenylamine combined with dinitro-cresol derivatives for inhibiting the

polymerization of vinyl aromatic compounds under vacuum distillation conditions.

b



U S. Patent Nunbers 3,988,212 and 4, 341, 600 discl ose the use of 20
N-ni t r osodi phenyl am ne conbined with dinitro-cresol derivatives for
i nhi bi ti mgov28302pol yneri zation of vinyl aronmati c conpoundBCT/RE&Er31YECUUM
distillation conditions. 2 WD 02/33025 PCT/US01/31919 U, S, Patent Nunber
4,362, 893 discloses that Cnitrosodi aryl am ncs may he prepared in a single
stage fromdi aryl am nes by addi ng al coholic solutions of '"a hydrogen halide
bel ow the surface of a stirred m xture of the di phenylam ne in an organic
liquid containing water. U S. Patent Nunber 4,479,008 discloses a process
for preparing § gPaicht Needtpheay kendindoty di0 ChhibheBarf atihes may be prepared
N- ni t r osodi phenyl am ne and hydrogen chloride. The product is prepared in
t he absen . L : i
casent al Ty are Gt TR N GaPRNenty SR SL PR ARSI g
di scl oses a rocess for the p nitroso |p
hydr ochl ol Edd e Pﬁ?ﬂﬁ&“}é%@i@‘g gﬂ%ﬁ%HyPgﬁ1%8“0@§“61Ewéka¥m&ﬁg WiFite
and anhydrous HO in the presence of a C5 -C, 0 aliphatic al cohol and
essentially |nUﬁhéU&@bg@ﬁﬁél$ﬂ7%ﬁo%ﬂ@ﬂﬁ¥$@F§@W§%ﬁfP“waSméPatent Nurber
5,001, 171 discl oses that uncured nodified rubber conpositions conprising
m xt uy es phitedsasiphemrismardydrockionfie froimy-ifiirddodiphcaylateepnd padegdetyhlaride.
process which conprises, inter- alia, the use of at |east one chemn cal
agent capghi Ero‘afictﬂﬁ Efﬁ%‘éieﬂgn tRebidnct o mpbiloantiokolbitlgl ushastseR®ht donBikiages .
Exanpl es of suc use ul chem cal agents include aromatic furazan oxides,
heterocycllc Xy-benzi m dazol e- 3- oxi de conpounds,
1, 3- dlhde%k ”Bg ﬁﬁ?ggzéhl dﬁ%x@B%pounds and aromatic nitroso conpounds.
U S. Patent Nunber 5,623,088 di es a met hod roduci n
4- an1nod|phenyﬁﬁﬁlﬁ%ﬂ%hhﬁﬁpﬁﬁsﬁgé aﬁcﬁﬁﬁﬂﬁﬁ@"§?8%6@%@??%?@%1%EiIine
derivatives and

p-nitrosodiphenylamine hydrochloride comprising reacting diphenylamine, C,-C,, alkyl

10 nitrite and anhydrous HCI in the presence of a C-C; aliphatic alcohol and essentially in the
absence of an aromatic solvent.

U.S. Patent Number 5.001,171 discloses that uncured modified rubber compositions
comprising mixtures of elastomers and a reinforcing filler can be prepared by a process which
comprises, inter alia, the use of at least one chemical agent capable of promoting the

15 formation of filler-elastomer linkages. Examples of such useful chemical agents include
aromatic furazan oxides, heterocyclic di-N-oxides, 1-hydroxy-benzimidazole-3-oxide
compounds, 1,3-dihydroxy-benzimidazolinone compounds, and aromatic nitroso compounds.

U.S. Patent Number 5.623.088 discloses a method of producing
4-aminodiphenylamine (4-ADPA) wherein aniline or substituted aniline derivatives and

20 nitrobenzene are reacted under suitable conditions to produce 4-nitrodiphenylamine or
substituted derivatives thereof and/or their salts, either or both of which are subsequently
reduced to produce 4-ADPA or substituted derivatives thereof. The 4-ADPA or substituted

derivatives thercol can be reductively alkylated to produce p-phenylencdiamine products or



20 nitrobenzene are reacted under suitable conditions to produce

4-ni trodi phenyl am ne or substituted derivatives thereof and/or their salts,
ei ther ow®osBoed whi ch are subsequently reduced to prodBCEUSOIADPA or
substituted derivatives thereof. The 4- ADPA or substituted derivatives

t hereof can be reductively al kylated to produce p-phenyl enedi am ne products
or 3 WO 02/33025 PCT/US01/ 31919 substituted derivatives thereof which are
useful as antiozonants. A second enbodi nent of the invention is the
tetrasubstituted ammonium salts or al kyl substituted di anmonium salts of 4-

ni t r odi phamyligmddn@riv4s Wisttkesedi pbie Ayl gotiungs @ndzdétaatss wbsicbbdit@tdoderchva@tihy es
t hereof wherein each substituent of the tetrasubstituted anmmoniumion is

i ndependepf.ly,; 56 9?1%1%9&511’[7&“}1&‘06111511 {iQUR: 1ﬁ@(ﬂsf11§§tl'splg»tﬁflc@lh‘ﬂﬂnzon@ﬁn\!{ al@nek 4-

aryl al kyl groups and each stituent of the alkyl substltuted

di anmoni um s i S indepe denU
d|scIoses“ﬁ“@ﬂ%ﬁ%§§mﬂﬁrgﬂﬂ5&08“%8”&““r“IP?lB§’8$Bﬁ%§9F%ﬁﬁﬁﬁg'¥mbﬁ“% %Pﬁula
Pfa PtJ 10 wherein R and Rz i ndependently represent hydrogen atom

met hyl  gr eash subsiiyent gf Bepetraselditehépmogisn gn irttdBsye i b pec it ‘f‘i‘?ﬁ%)}h@r oup
or chlorine or bromne atom or a salt 15 thereof, conprising treating a
di phenyl apicue coegistagearitadd Lbyyltdnd ddniiyl groPpseand eRgh Mﬂralbstitﬁz@nt@rﬁdlelia)\k)dr e as
defined above with (i) a mixture of nitrogen oxides, (ii) a hydrogen 20

hal i de anguk(s'tlhltéd @ﬂﬂmﬁio‘nﬁhﬁtsélPISQBM@%%U%@IE@&@ the atomc ratio of oxygen
to nitrogen of the mxture of nitrogen oxides is nore than 1.0 and | ess
than 2.0. U.S. Patent Number 5,648,543 discloses a process for producing a

4-nitrosodiphenylamine of the formula

IJ \2
10 @/

wherein R, and R, independently represent hydrogen atom, methyl group, ethyl group,
cyclohexyl group, methoxy group. ethoxy group or chlorine or bromine atom, or a salt

15 thereof, comprising treating a diphenylamine represented by the formula

P, H B,
\‘ Z N, E ]/

wherein R, and R, arc as defined above with (i) a mixture of nitrogen oxides, (ii) a hydrogen
20 halide and (iii) an aliphatic alcohol, wherein the atomic ratio of oxygen to nitrogen of the
mixture of nitrogen oxides is more than 1.0 and less than 2.0.
U.S. Patent Number 5,739,403 discloses the production of 4-aminodiphenylamines by

reacting optionally substituted aniline with optionally substituted nitrobenzene in the presence



U. S. Patent Nunber 5,739,403 discloses the production

of 4- am nodi phenyl am nes by reacting optionally substituted aniline with
opti onal Iwoeubse3 t ut ed nitrobenzene in the presence 4 WPOPRUSBO319

PCT/ US01/ 31919 of water and/or al cohols and organi c and/ or inorganic bases
and then catalytically hydrogenating the resultant nitro- and/or

nitrosodi phenylamtie in the presence of water. The catalytic

hydr ogenati on of the reaction mxture is performed in the presence of 25 to
80 wei ght percent of water, relative to the weight of the reaction m xture
from the & wapdenBatilaoteadtirgmic frhomhyidizogie bates and dat ahtpbticildy r enoved
fromthe hydrogenation m xture once absorption of hydrogen has ceased, 10

to 100 volyy.p rﬁﬁﬂ%‘lﬂf?}freﬁnﬁmllrg %Qi/(quntr@&(mg'lh@?NI%II{CQH ilich8edctabi MQLH”EI]COf
t he hydrodgena |on xture, 1Is optlona y a to the hydrogenation

m xture, (ﬁ"fllilﬁbf ;?Ahhg&hgﬁé%?ﬂm IB’PCta% %u\(ﬁhg R %Pn‘?& 1'11%(9{{%?061(2% ﬁf l’?&' ate the

4- am nodi € aqu ous pha |s re nitia
reaction m xture, Qui none net hi des, qui ngnes, hydr oqui nones

hydr oxyl aff wetght aﬁ@mﬁu G s reldapolinasciaher &%m%savw@m braw B

i nhibitors. Quinone nethides act mainly as retarders, giving a significant
anount ofup@byﬂmmnrduﬁbmghﬂbymagmmﬁhhbMuW@hsmqaged5Um1ﬁméwﬂd@nqﬁbmonﬁﬁﬂbon
in the event of a plant upset during nononer purification by slow ng the

rate of pghtmkofabABY hpdtosdders ceiell] W ©oNdivol. @Bsentld aBesaliseeht, réietigoor
normal inhibition performance, quinone nethides nust be used in fairly

2' ggsdgggﬂlgﬁgmg@@g@goﬂﬁ )\Ubechetioh BERAAMGAlIody UBBeq (o iR nFRbEMRibl DT o

use qul n SsIn"a styrene

Cor por at 1 BRVBF. GA WIEL SRS PTG TCHBA U] € 65 b PACTONe 48t Qr e P gV Rone
met hi des and uses t hereof.
and the aqueous phase is returned to the initial reaction mixture,
10 Quinone methides, quinones, hydroquinones, hydroxylamines, and nitroxyl
compounds are known polymerization inhibitors.

Quinone methides act mainly as retarders, giving a significant amount of polymer
during normal inhibition usage but providing protection in the event of a plant upset during
monomer purification by slowing the rate of polymer formation under static conditions.

15 Because of the poor normal inhibition performance, quinone methides must be used in fairly
high dosages, making them not very economical to use.

U.S. Patent Numbers 4,003.800 and 4,040.911 disclose the use of quinone alkides in a
styrene purification process.

The following patents, assigned to Ciba-Geigy Corporation or Ciba Specialty

20 Chemicals Corporation, relate to quinone methides and uses thereof.

U.S. Patent Numbers 5,583.247, 5.670.692. and 5.750.765 disclose the protection of

ethylenically unsaturated monomers from premature polymerization during manufacture and



U S. Patent Nunbers 5,583, 247, 5,670,692, and 5, 750, 765 di scl ose the
protection of ethylcnically unsaturated nononers from prenature

pol yrer i @ bwssoetri ng manufacture and 5 WO 02/ 33025 PCT/RSOUA®INIO
storage by the incorporation therein of an effective stabilizing amount ofa
qui none net hide conpound having an el ectron wi thdrawi ng substituent at the
7- et hyl ene group. U. S. Patent Nunber 5,616,774 discloses the protection of
ethylenically unsaturated nononmers from premature polymerization during
manuf acture and storage by the 5 incorporation therein of an effective

st abi |'i zi aigragereyitic iatorporatiah YheréiHion emerfet bkEsilizaRnpeumnd onhgiabin hbgide- ar yl
substituent 1s 2-, 3-, or 4-pyridyl, 2- or 3-thienyl, 2- or 3-pyrryl, 2-

or 3-f uryi‘?n&@{u}[lg]bg{/ig 'e:mtc'ic%tr%ﬂﬁ&ﬁlﬁihf?ﬂgﬁh S tucf?trut?lzd. ﬂ—nﬁ:ﬁl?ﬂjlcn%ihgﬁ]i.t ut ed by one

to three a o el ght car atons, al koxy of" one to eight carbon

car bon aton,  HiatRyPRrRget SEha B argntcaplsshoitl arunechy RoayedrEonyl

of two to eight carbon atonms, hydroxy, nitro, am no, cyano, carboxy,

ani noear bawgdmers i prengiungipebimeizabdn dying Bubdadtergantd sloragsdydbirbi nat i on of
these quinone nethides with at |east one stable nitroxyl compound is al so
di sclDsedinctlpSratiBatieantinNinh erffe& @1blidondisclineés 7Taarmsjuiagheafiethidpr ovi ng t he
quality and resolution of photoi mages by incorporating into the

phot ocur ald £, di&d WheFQIRRST-hiyP BuisBtRAt is 2D, HS&d-By Bl eCted-BRRYNL- &f3-Byrryl,
pol ymeri zati'on i nhibitor so’'that photopol ynerization of the photocurable

resin is inhibpted i hose areas not direct!|y i mpin by Light.
i bi 1 or & a7 e pEIRIEPERER Mkl ul SR A LRI Wb Ml of
of N-oxyl or nitroxide conpounds, . quinone methides, nitraoso _conpounds,

phenot hi a21H8 HHY c¥erBatose pireadmpPsOnHP s £ OR £ iogky I edip ol RBS A E1tk nown
to be very active inhibitors of free radical 20 polynerizations of
unsat ur at edborpriomer dk daoincas’ @eye enb! calbrndipws.abalbylamstchealompl th cight cathorand
10 atoms, alkoxycarbonyl of two to eight carbon atoms, hydroxy, nitro, amino. cyano, carboxy,
aminocarbonyl, chloro, or mixtures of said substituents. The combination of these quinone
methides with at least one stable nitroxy! compound is also disclosed.
U.S. Patent Number 5,912,106 discloses a method of improving the quality and
resolution of photoimages by incorporating into the photocurable resin composition to be
15 used a selected amount of a polymerization inhibitor so that photopolymerization of the
photocurable resin is inhibited in those areas not directly impinged by light. Inhibitors that
can be used are selected from the group consisting of N-oxy! or nitroxide compounds,
quinone methides, nitroso compounds, phenothiazine and selected phenols.
Hindered nitroxyl compounds are known to be very active inhibitors of free radical

20 polymerizations of unsaturated monomers such as styrene, acrylic acid, methacrylic acid, and

the like.
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the like. 6 WO 02/33025 PCT/US01/31919 U.S. Patent Nunmber 3,163,677
discloses N, N, Otrisubstituted hydroxyl arnines and N, N-di substituted

ni troxi degoo33ke fornulas: R 1' Rz R-CNOGCR 5 2 1PCT/RS@®/B9192 R and
R11 R-CNO 2110 R3 a werein R, R, and ICJ are each an al kyl

radi cal having 1 to 15 carbon atonms. (As used herein, the designation N O
denotes a stable free radical wherein the asterisk is an unpaired

el ectron.) The N, N, O trisubstituted hydroxyl am nes can be used to nmake the
N, N 15 di substituted nitroxi des, which are stable free radicals and are
said to be usef/i§l. Pasni Wahyerey, | Batl7adisdlodes DI N @Y-risubktBulcPay éntcy Nuntxarand
3,267,132 discloses that the polynerization of unsaturated nitriles

N.N-disubstituted nitroxides of the formulas:

R
E T
R -C N—0——C—R_
5 2 | I 2
R R
3
oy
and
R
'l
R -C N—O*
2 ]
10 R
oy

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 make the N,N-

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

U.S. Patent Number 3,267,132 discloses that the polymerization of unsaturated nitriles
can be greatly inhibited by incorporating therein a minor amount of a nitroso compound
selected from the group consisting of p-nitrosodiarylamines and N-nitrosoarylamines.

20 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

atlached to other than a tertiary carbon of an aliphatic group (i.e., the nitrogen atom forms a



can be greatly inhibited by incorporating therein a m nor anount of a
nitroso conpound selected fromthe group consisting

of p- ni t r 0d2/33093 am nes and N-nitrosoaryl arnincs. 20 U. S. PERUSMYIIININDer
3,334,103 discloses that nitroxides can be prepared fromthe corresponding
het erocyclic am ne wherein the nitrogen atomof the nitroxide group is
attached to other than a tertiary carbon of an aliphatic group (i.e., the
nitrogen atomfornms a 7 WO 02/ 33025 PCT/ US01/ 31919 part ofa heterocyclic
nucl eus). These nitroxides are said to have useful properties sinmlar to

t hose deseiri dedhd@bcidie ngiNudi dithstiitratides o bxidxo bes: weluUpSpePas entilaNtmmber
3,163,677. U S. Patent Nunber 3,372,182 discloses that a great variety of

N, N- di subgtid Weshed SF aRIMeN-disaRTAG Gabxiakd soxisdestenatumbdier wiisg 7r eadi | y
avai l abl e can be prepared by a sinple and 5 conveni ent process that

conpri ses pyropry%itpg ol Rufiel %‘,??,155?95’1?3&{&@ tlﬂﬁqigg@t y%@&%@@%\!-ﬂ%bsﬁtutgd,

hydr oxyl am ne S SUSCep e to cleavage bond, ‘e.g
tri-t-butyl hydroxylamne. U S Patent Nq er 3,422,144 discl oses stabl.e,
free radi%ﬁﬂﬂﬁﬁﬁﬂéwF@é§“%PdFH§“PBFﬁﬁW%?m(gy“ “%bhﬁ@P F PEPREC qy@ﬁﬁ“ﬁkand
wherein Ris selected fromthe group consisting of tertiary alkyl, aryl,

al karyl , dalveaeyl procasatimbryapydes patokkyeaimyan, ingt kbt I@éﬁ*lym,“ﬁy@l%’dylly, and
di al kylarninoaryl, and R is tertiary alkyl. These nitroxides are said to

be usef ul hagotyanmelipat if @aetjibe: foravigdifand ©-Oobhd,iery. the-laoyinydogylafhind r ee
radi cal s and for inhibiting oxidation and free radical polynerization.

U.S. Patent Number 3.422.144 discloses stable, {ree radical nitroxides of the formula:

wherein R is selected {rom 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 {ree radicals both in the counting of
free radicals and for inhibiting oxidation and free radical polymerization.

15 U.S. Patent Number 3,494,930 discloses free radicals of the nitroxide type for use as
initiators of free radical reactions, collectors of free radicals, polymerization inhibitors or
antioxidants. They are constituted by nitrogenous bicyclic compounds in which one of the
bridges comprises solely the nitroxide radical group and, in particular, by aza-9-bicyclo
(3.3.1) nonanone-3-oxy!-9, and by aza-9-bicyclo (3.3,1) nonane oxyl-9.

20 U.S. Patent Number 3,966,711 teaches that 2,2.7.7-tetraalkyl- and 2,7-dispiroalkylene-
5-oxo-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



15 U. S. Patent Nunmber 3,494,930 discloses free radicals of the nitroxide
type for use as initiators of free radical reactions, collectors of free
radi cal s,WQot/g3ses i zati on inhibitors or antioxidants. ThepCEUS0ICOABY | t ut ed
by nitrogenous bicyclic conmpounds in which one of the bridges conprises
solely the nitroxide radical group and, in particular, by aza-9-bicyclo
(3,3,1) nonanone-3-oxyl -9, and by aza-9-bicyclo (3,3,1) nonane oxyl-9. 20
U.S. Patent Nunber 3,966,711 teaches that 2,2,7,7-tetraal kyl - and

2, 7-di spi roal kyl ene- 5-o0xo-1, 4-di azacycl ohept anes substituted in the

4- posi t i opaddpnERAGYn Ot N-atkydvahetelcad] adbiducias e thowgrokulonlargiikyistlapiche.zer s
for organic polyners. They are said to possess higher conpatibility than
thei r 4- upsulsti-tiiedh NARhIRIUES upd. FAM WhLG Ry Ik DeYy @af P Snthesinedprpy 8
WO 02/ 33025 PCT/ US01/ 31919 rteactions known ibr N-al kylation. Preferred
substituents .in t.he 4-position.are al kyl, .al kylene, al i, al kyl, and
cater al ky st LBRH i P8 P E G T lh i S Do B,

oxi dation wi th hydrogen peroxide or percarboxylic acids are also said to be
good | i ghttabib%eabi | i zers. 5 U.S. Patent Number 4, 182,658 discl oses a met hod
for preventing the polynerization of a readily polynerizable vinyl

aromsati c conpoUﬁﬁPdMniNQHMEs4ﬂBIé£8dhdaﬂsehmnhkbgrpﬂﬁmmémdbgpe@nmﬁﬁﬁkm a
distillation apparatus that is subject to an enmergency condition, such as
a power oMt A@8dilyTHIsmbBLMViEONRHINSES cdraphadfdagds ngtibatsdnpleivent al

pol yneri zation ‘inhibitor having a high solubility in the vinyl aromatic

CorrpoundOt%nlge%t&rgpgpgﬂragtﬁig@%tf?.)fnlnﬂj arg £ ugh ?srkﬁgjtemg Qn %%%cﬂty LGS %hdhl Ation

vessel s conve_n | O!’] I st I t1on appar us I n an ~ anbunt SU'_F I Ccl ent
br ocecs. T6POPHMGHEET QDB aaPalFor BF it by P e 6P LO8y PERPY P nder ed-
am nes by the oxidation of the am ne using a hydroperoxide in .
inhibitor having a high solubility in the vinyl aromatic compound and a long duration of
10 efficiency into each of the distillation vessels of a conventional distillation apparatus in an
amount sufficient to prevent polymerization therein.

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

15 period of time, to give the nitroxyl in high yield and purity.

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

20 phenylenediamine. Also disclosed is a process for inhibiting the polymerization of vinyl

aromatic compounds employing such an oxygenated species.

9



t he presence off a small amobunt of a nmetal ion catal yst, at noderate
tenperature for a short 15 period of tinme, to give the nitroxyl in high
yield anav@uor/s39s U. S. Patent Number 4,774,374 discloses BCTURYI31a9%0mat i C
conposition stabilized against polynerization conprising (a) a vinyl
aromati c conmpound and (b) an effective anmount of a stabilizer systemin
whi ch the active ingredient consists essentially of an oxygenated species
formed by the reaction of oxygen and an N-aryl-N -al kyl-p 20

phenyl enedi am ne. Al so disclosed is a process for inhibiting the

pol ymeri zati onUcd. Patdiy NumdeofBt4 ¢oC AEQUNES U @yemnatisieha amydxyaemat ed
species. 9 WO 02/ 33025 PCT/USOl/31919 U. S. Patent Nunmber 5254, 760 teaches

that the poly JIFnrd' I&R‘ aQQt M'V%J dg‘{stu }r n(r‘hiﬁi‘f)&P(RHi’?xgmti&?ﬂ%wﬁ"‘%x ;%Frﬁfc%ﬂ‘?;’n bl S

very effecti d dur l'ation or purification

resence of at Iea ne sta Q% oun er with at |east
bne. ar omallF ETERT 1&8 fo%mﬂlb@ st TSRt o e ST8ehths Sty adrs
met hod for inhibiting polyrnerizable (nmeth)acrylic acid and esters ther eof
fron1po|yﬁﬁﬁm%ﬁﬁg during their production, transportation and storage by
using as the inhibitor N-oxyl conpound and nore than one conpound sel ected
fromst he groupUchriPsicit Nagbef 5. ftvhgdhéselosal it metbngp bumchibiciappely nsaizhble
conmpound, 2,2, 6,6, -tetramethyl pi peridine conpound and nitroso conpound. The

N-oxyl 10%&&]?}3@%@ acRl MARsRfs tHBEEf K@)lﬂ%l}ﬁﬁér%ﬁgeﬂlrfnrgﬂmlr production,
2,2,6,6 etranethylplperldlnooxy ,  4-hydroxy-

2,2,6,86, fr;[sg)grr{% n%'s?c?r[l% dlhnﬁ)s?rﬁ%/ s (B0 Hﬁbﬁloorrﬁﬁomtl &omggun i‘tu}_cll’mbrc

than one .
tetranethy pi peri di noox I Tre e rnhibitors is
said to provide a 8 rior |nh|b|t|n ef%ect to use alone. U. S. Patent
Number s 50%2150117@%@ rogy e 2EHINS 088l HARSHFICSBY GPMPAHIde FerRCE S4lhy

compound, 2,2,6,6,-tetramethylpiperidine compound and nitroso compound. The N-oxyl
10 compound is one or more kinds selected from 2,2,6,6,-tetramethyIpiperidinooxyl, 4-hydroxy-
2,2,6,6,-tetramethylpiperidinooxyl and 4,4',4"-tris-(2.2,6.6,-
tetramethylpiperidinooxyl)phosphite. The combined use of the inhibitors is said to provide a
superior inhibiting effect to use alone.
U.S. Patent Numbers 5,545,782 and 5,545,786 disclose that nitroxyl inhibitors in
15 combination with some oxygen reduce the premature polymerization of vinyl aromatic
monomers during the manufacturing processes for such monomers. Even small quantities of
air used in combination with the nitroxyl inhibitors are said to result in vastly prolonged
inhibition times for the monomers.
U.S. Patent Number 5,711,767 discloses that the use of nitroxide compounds alone or
20 in combination with aromatic amines, such as substituted phenylenediamines, or phenolic
antioxidants provides an effective way lo prevent oxidative degradation and gum formation in

gasolines.



15 conbination with sone oxygen reduce the premature pol ynerization of
vinyl aromatic nononers during the manufacturing processes for such
nononer s WaVEss0gsal | quantities of air used in conbi nati paTASIB1DIYe
nitroxyl inhibitors are said to result in vastly prolonged inhibition
times for the nonomers. U.S. Patent Nunber 5,71 1,767 discloses that the
use of nitroxide conpounds alone or 20 in conbination with aromatic

am nes, such as substituted phenyl enedi am nes, or phenolic antioxidants
provi des an effective way to prevent oxidative degradation and guns
formation in gabdhicnebunbor WOl 023 383035 AGTAE0I168 pOI&midecSin Patent Nunber
5,910, 232 teaches that inhibition perfornmance in styrene processing is

i mproved ple@usb it hgpade thrakhahda&liahl & tn‘ltﬁlﬂgmtﬂﬁ'\uﬁ”@& rm{qu%lnpgqnapgumel to
the styrene feed and to the reflux of at |east one columm. A nontoxic

retarder I 0,0 na e.added to the
styrene fezgﬁplﬁﬁfmg ﬁg%#gﬁ?g&ﬁﬂlt “R lﬁﬁ%tA (%%QHL&A%%g 1% gdalscloses
that acryljc can be s abi | qu |n§ nerlz tion by %he addi tion
thereto ofNy Pf 6%FH€”W§WEWQW4QB“ S @RéW&PgltgiﬂﬁHPGWQC]“b* NR-C
CR 211410 wherein R1, R2, R3, and R4 are al kyl groups and no hydrogen
is bound to th¥ Iiel?mfnm\hgnbevélléﬁdﬁéshsomméatdam@mcat omgelstbnidzet ogaing
nitrogen. The two renmining valencies that are not satisfied by R, to R4
or nitrogpslymanzaloadyfibe midiao thefet@of 4 AidrokRlethaying tRs GsntlaetNcdnEtshyibtude:

hydr oxy- pi peri di ne-1-oxyl).

O*
RJ. l RS
IS\
R _-C C—R
Z ! l 4
10 wherein R, R,, Ry, 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 (e.g., 2,2.6.6 tetramethyl-4-
hydroxy-piperidine-1-oxyl).

European Patent Application 0 178 168 A2 discloses a method for inhibiting the

15 polymerization of an «,[3-ethylenically unsaturated monocarboxylic acid during its recovery
by distillation by using a nitroxide free radical.

European Patent Application 0 765 856 Al 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 transport and storage.

20 The compositions comprise three components: (a) acrylic acid, (b) a stable nitroxyl radical,
and (c) a dihetero-substituted benzene compound having at least one transferable hydrogen
(e.g.. a quinone derivalive such as the monomethyl ether of hydroquinone (MEHQ)). During

the distillation process, transport. and storage. components (b) and (¢) are present in a

1]



Eur opean Patent Application 0 178 168 A2 di scl oses a nethod for inhibiting
the 15 polynerization of an a, p-ethylenically unsaturated nonocarboxylic
aci d duriw@o2/832%5 ecovery by distillation by using a nitrpT/Asofye

radi cal . European Patent Application 0O 765 856 Al discloses a stabilized
acrylic acid conposition in which the polynerization of the acrylic acid
is inhibited during the distillation process for purifying or separating
the acrylic acid as well as during transport and storage. 20 The
conpositions conprise three conponents: (a) acrylic acid, (b) a stable

ni troxyl godgh&tationandbi(iay amodhhebetgr 1$1Ubﬁsﬁxﬂlbthﬂlﬁﬁiob@tiiz(ﬁl?&uﬁiQnmopmftrhﬂyl ng
at | east one transferable hydrogen (e,g., a quinone derivative such as the

nononeth)¥mcygnﬁgogmogﬁgg?gthgqe (N, 11; I-I()) During the distillation

process ransport rag conmponents (b) and (c) are present in a li

WO 02/ 33025 PCT/ .U 919 ol ri zation-in

distillation W&f@%ﬁﬁ erte e T Pl a6y Puodd STH esrpunings (o)
and (c). WO 97/46504 concerns substance nixtures containin (ﬁ? nononer s
cont ai ni ngnyharayis: erbiDen ashee EByuEm! adpiiee AhshnEhiBES Bremakirg PelyrrigH on
inhibits premature polynerization 5 of the nmononmers containing vinyl
groups dusfithgnmoheintrspuniafriicating hgupddeirg theit pomnfianidn eodisailngon {id)cobeimeen
0.05 and 4.5 weight percent, relative to the total m xture (B), of at |east

one N- oxy) bebQERONOSS 4.8 vagoandak, aThie WhCBIDas e (Wdsrgemsesemat the
a-C atoms’” and (ii) between 99.95 and 95.5 wei ght percent relative to the

total mxtupe r(qu)un faas%r:(! %i rtugﬂl% \{}LM Q}sen%aquogﬁﬁsto]m?t tﬂgl&l (tci?)tlﬂso%

dlscloses‘%}(l 298 ¢ merization o
nononer s, and the use of nlxture B) for in |b|t|n prenmat ure
% fodh ¢ b

pol ymer i Zalvein SHoOhyKbiret ¥elaipresrnlag iy iod ?%@émt FYHBRS DI4PI on

of vinyl aromatic nononers such as o
compound. The publication also discloses a process for inhibiting the premature

10 polymerization of monomers, and the use of mixture (B) for inhibiting the premature
polymerization of monomers.

WO 98/14416 discloses that the polymerization of vinyl aromatic monomers such as
styrene is inhibited by the addition of a composition of a stable hindered nitroxyl radical and
an oxime compound.

15 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 atoms on the a-carbon atoms; and (ii) at
least one iron compound; (C) optionally nitro compounds; and (D) optionally co-stabilizers.

20 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



styrene is inhibited by the addition of a conposition of a stable hindered
nitroxyl radical and an oxinme conpound. 15 WO 98/ 25872 concerns substance
m xt ur es won/adops ng: (A) conpounds containing vinyl groupeT/uf@)31ary active
amount of a mxture which inhibits premature polynerization of the
conpounds containing vinyl groups and contains: (i) at |east one N oxyl
conpound of a secondary am ne which does not carry any hydrogen atons on
the a-carbon atons; and (ii) at |east one iron conpound; (C) optionally
nitro conmpounds; and (D) optionally co-stabilizers. 20 The publication al so
di scl osesadicpihyopassctigablié ahhpitndagnd fiebibrepetgine poleyine hpziatt tbah.omiul
conpounds (A) containing vinyl groups, and the use of (B) optionally m xed
W th nitr@r..comnaends (C) and/or co-stabilizers (D) for inhibiting the
premature pol ynerization of 12 WD 02/33025 PCT/USOl/31919 radically

pol yneri zabl e ﬁQy? bi i t. I nst
har nf ul ef f ec Qﬁ@%ﬁ%ﬁfgos "5@?% gﬁq 'S¢ gggﬁ“ﬁh f‘”‘ n%??%E#P%n can

be inhibited during the anaerobic (%uctl n of styrene throu

addi ti on RspOuE Uop AR HATIESATOBEN esidision RcPBRgEOR Péés&aa’csnrwawdgfr%f%iwhd
and a nont oxi ¢ phenyl enedi arni ne conpound. CS-260755 B 1 is directed to the
pr epér at i @mpilind agd bswntonicgthey I2n@li@nint eomamatday| pi peri di ne nitroxyls as
olefin stabilizers. I-lung. 150,550 discloses that free radical

pol ymer i zat i onCR@g07 sthiBiid gigecrddt b iy grapdratiomb t4-08Ltieipnonds, e.g., p-|
1, NG6HANO (1), a-nitroso-P -naphthol, or (3- nitroso-cti-naphthol, 10 For

N s i KL I T
Comoued i aggdl gyt e siissthoe e Slas et iRl
nitroso compounds, e.g., p-H,NCH,NO (1), a-nitroso-B-naphthol, or - nitroso-c-naphthol.
10 For example, addition of 0.3 grams of (1) to one liter of styrene is said to have resulted in the
stability of the latter for months. Also, (I) could be removed with azodiisobutyronitrile.
SU-334845 Al is directed to the inhibition of the radical polymerization of oligoester
acrylates using iminoxy! radical inhibitors of a given formula.
SU-478838 is directed to the inhibition of the radical polymerization of oligoester
15 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.
20 U.S. Patent Number 4,086,147 discloses a process using 2-nitro-p-cresol as a
polymerization inhibitor.
U.S. Patent Numbers 4,105,506 and 4,252,615 disclose a process using 2.6-dinitro-p-

cresol as a polymerization inhibitor.



acrylates using imnoxyl radical inhibitors of a given fornula. SU 478838
is directed to the inhibition of the radical polynerization of oligoester
15 acryl av@es2/ames5 t he prevention of oligoneric peroxi des uBCHgS@/daptvary

pol yneri zation inhibitor conprising quinone. FR 2,761,060 relates to the
prevention of premature polynerization of styrene during its production by
dehydr ogenati on of ethyl benzene by injecting into the process effluent a
radi cal inhibitor based on an oxyl -tetrarnethyl pi peridi ne derivative. 20
U.S. Patent Nunber 4,086,147 discloses a process using 2-nitro-p-cresol as
a pol yneri zatWonPatahi Ninbbers 4U33,60Patd At SNatbdisslods 105:6506a amdgdhaRE2, 6 15
di scl ose a process using 2,6-dinitro-p- cresol as a polynerization

i nhi bi t orurohati AN 263308R1 RGIHAISEAZLDE Inhibli . foPaleaikinDumb@k sl 4ioh 32 vEH2 and
4,132,603 disclose the use of a hal ogenated aromatic nitro conpound as a

pol yneri zation. inhi bitor for use during the distillation ol'vinyl aromatic
conpoundsa&b%%f&gﬁkgﬁ?QNunber 4,466, 904 di scl oses the use of phenothi azi ne,

4-tert-butyl cat echol and -di ni.tro-p-cresol as g.pol ri zafion

i nhi bi tor systalél??r P Hep l’fap"efs‘é‘h%eéjdé‘f&%%@ségﬂmdﬁ? Ph@‘mﬁgﬁ%‘%q%?“‘\zb’f‘&(%at“h("
aromati c conpounds. U.S. Patent Nunber 4,468,343 di scl oses a conposition
and & protesso-flontrupidrgse] s polpmedrationnguplasgsiem iamee miesdne ofoxygen during
phenyl enedi am ne or 4-tert-butylcatechol in the presence of oxygen to
prevent tlhkatipoblyweyl zanhbioncohpaundyl aromatic conmpounds during heating. 10
Eur opean patent application 240,297 Al teaches the use of a substituted

gxr/g:rg?}/lcam ne @RdpaeH ih bARNEER 43t AsdIdRE RebmphstiRPAMI R ICAL TN YNy
dinitro-p-cresol and either a phenylenediamine or 4-tert-butylcatechol in the presence of
oxygen to prevent the polymerization of vinyl aromatic compounds during heating.

10 European patent application 240,297 Al {eaches the use of a substituted
hydroxylamine and a dinitrophenol to inhibit the polymerization of a vinyl aromatic
compound at elevated temperatures in a distillation process.

Georgieff, K.K., J. Appl. Polymer Sci. 9(6):2009-18 (1965) measured the inhibitory
effect of the following compounds on the bulk polymerization of methyl methacrylate:

15 hydroquinone, p-feri-butylcatechol, p-methoxyphenol, 2,4-dichloro-6-nitrophenol, n-propyl
gallate, di-feri-butyl-p-cresol, 2,2'-methylencbis(4-methyl-6-teri-butylphenol), 1-amino-7-
naphthol, p-benzoquinone, 2,6-dichloro-p-benzoquinone, 2-amino-1,4-naphthoquinone, three
aminoanthraquinones, diphenylamine, p-nitrosodimethylaniline, - and B-naphthylamine,
phenothiazine, N-nitroso-dimethylamine, hexamethylphosphoramide, n-dodecyl mercaptan,

20 benzenethiol, 2,2-diphenyl-1-picrylhydrazyl. phenyl hydrazine, divinylacetylene, and various
antimony and copper salts. Polymerization was carried out in a test tube in a bath at 101.2°C,

benzoyl peroxide being used as initiator. Generally. phenols and naphthols were the strongest



compound at el evated tenperatures in a distillation process. Georgieff,

K. K, J. Appl, Polynmer Sci. 9(6):2009-18 (1965) neasured the inhibitory

ef fect ofw@hm3joed | owi ng conpounds on the bul k pol yneri zat POVUSH1/3TRLINY |

met hacry | ate: 15 hydroqui none, p-leii-butylcatechol, p-nethoxyphenol,
2,4-di chl oro-6-nitrophenol, n-propyl gallate, di-tert-butyl p-cresol,
2,2' -net hyl enebi s(4-net hyl -6-ter/-butyl phenol), 1-am no-7- naphthol,

p- benzoqui none, 2, 6-di chl oro p-benzoqui none, 2-am no- |, 4-naphthoqui none,
t hree am noant hr aqui nones, di phenyl am ne, p-nitrosodi nethylaniline, a- and
(3- napht hylhamde foliRkenst hiidzichawrohhtid &ihieeQ-2di-ophéil-aniag/hydrazyl, antimony
hexanmet hyl phosphoram de, i 7-dodecyl nercaptan, 20 benzenet hiol,

2, 2- Bi phepyl,- Ly bt €r jree ¢ Z} bMi nyl acetyl ene, and
vari ous Eﬁ%fﬂ%ﬁbﬁéﬁ%n%g%%é?hg%P@§&M%3?¥§§?§¥2?Féﬁb&as carried out in a
test tube in a b?th at 101.2"C, henzovl peroxide being used as initiator.
Gener al | yAdEHERSINS S5h¢SYapht hol s were the strongest 14 WD 02/ 33025

PCT/ US01/ 31919 inhibitors, followed by quinones, aronmatic am.nes,

2, 2- Bi phehly 62187511 8 (V187 ahighyincludestd GeviosopHpadHIeHY &R 2 PHERFIZHPdr azi ne,
di vinyl acetyl ene, and the thiols, Additionally, see also: JP 62187710
(19873 whithbitdralf udetnad&-atilb@uS0ani | i ne derivative as a polynmerization 5
i nhi bitor of acrylam des at 100C, JP 58014424 (1983) which includes a

G- ni tr osogpiskh Nede dMItLiYE iAsludesROC HIRESog@lihOferiviatid b 4 polyaferiagleous
solutions of acrylate esters; JP 45017652 (1970) which includes a
C-nitrosoani.) i ne derivati,ve as lLzation inhibitor of aqueous

sol ution 8}“%%?6V§HWK3FS%%?%%éﬁ%“&?%ggﬁékﬂP 49125315 (1974) which includes

C-ni trosodi phenyl ani ne as,a,polyner'zation,Ynhibit r of t hacryl ate and
acryl ate R8P £7652 (1970) which includes a C-nitrosoaniline derivative as a polymerization

inhibitor of aqueous solulion of acrolein or methacrolein;

10 JP 49125315 (1974) which includes C-nitrosodiphenylamine as a polymerization inhibitor of
methacrylate and acrylate esters;

JP 53-33578 (1978) which includes C-nitrosodiphenylamine as a polymerization inhibitor;
and
Boguslavskaya, L. S., Khim. Prom-st. 43(10):749-52 (1967).

15 Several arlicles have described the use of C-nitrosoaniline derivatives as inhibitors of
ATIBN- or benzoylperoxy-initiated polymerizations of styrene, methylacrylate, methyl
methacrylate, acetonitrile, and their copolymers, e.g.,

Tudos, . et. al., Eur. Polym. J., 18(4):295-9(1982);
Ibid.. 19(7):593-5 (1983);
20 Ihid., 8(11):1281-9 (1972);
Ihid., 30¢12):1457-9 (1994},
Ihid.. 19(3):225-9 (1983);

Ihid., 19¢2):153-7 (1983);



JP 53-33578 (1978) which includes C nitrosodi phenyl am ne as a

pol ynmeri zation inhibitor; and Boguslavskaya, L. S., K/ 7im Pr-oin-st.
43(10) : 7490 523302967) . 15 Several articles have descri bed POBUSSIES3109
C-nitrosoaniline derivatives as inhibitors of AIBN or

benzoyl peroxy-initiated polynerizations of styrene, nethylacrylate, nethyl
nmet hacryl ate, acetonitrile, and their copolyners, e.g., |'udos, F. et.
al., Ear. Polyin. J., /8(4):295-9(1982); 1Ibid., 19(7):593-5 (1983): 20

I bid., 8(11):1281--9 (1972): Ibid., 30(12):1457-9 (1994); 1bi(L

19(3) : 22549 ( A98B87-91 Diudy, 19(2):15-)-7 (1983), 15 WO 02/ 33025

PCT/ US01/ 31919 Ihitl., 18(0):487-91 (1982); 'fudos, F., Proc. 1UPAC'

Macr onol uﬁynp %5}%%aﬁﬁ@g§b,mllg nggﬁg)q;@fg , Kinel. Mech.

Polyrcacllon v, cronol . C hettm, Prepr 5(25):109- 113

LS i Ao D S TS

Khi m BIO| Nauki , (11) 988- 91 (1977). The foregoing are incorporated
herein by!tefl@®hce in their entirety. SUVMMARY OF THE | NVENTI ON 10
N-nitroso conpounds and C-nitrosophenols are known as pol ynerization

i nhi b t or §pneda, A. ef al., Kobunshi Kagaku, 27(300):269-75 (1970); and

Zaitsev, Y.S. et al., Dopov, Akad. Nauk Ukr. RSR, Ser. B: Geol., Khim. Biol. Nauki, (11):988-
91 (1977).
The foregoing are incorporated herein by reference in their entirety.
SUMMARY OF THE INVENTION

10 N-nitroso compounds and C-nitrosophenols are known as polymerization inhibitors,
especially under the conditions for monomer production and processing. It has now been
discovered that C-nitrosoaniline compounds are very effective polymerization inhibitors as
well, Additionally, these compounds can be used in conjunction with nitroxyls,
nitroaromatics, quinone methides, quinones, hydroxylamines, hydroquinones,

15 phenylenediamines, air, or combinations thereof (hereinafter referred to as "additional
compounds") to provide an enhanced inhibitor product for use during processing of
unsaturated monomers, especially styrene and acrylates.

More particularly, the present invention is directed to a method for inhibiting the
premature polymerization of ethylenically unsaturated monomers comprising adding to said

20 monomers an cffective amount of at least one inhibitor sefected from the group consisting of

C-nitrosoaniline and quinone imine oxime compounds.

10



especially under the conditions for nonomer production and processing. It
has now been discovered that C nitrosoaniline conpounds are very effective
pol yrer i X0 bwssoeshhi bitors as well, Additionally, these chaposadaIvan be
used in conjunction with nitroxyls, nitroaromatics, quinone nethides,

gui nones, hydroxyl am nes, hydroqui nones, 15 phenyl enedi am nes, air, or

conbi nations thereof (hereinafter referred to as "additional conpounds")
to provi de an enhanced i nhibitor product for use during processing of

unsat urated nononers, especially styrene and acrylates. Mre particularly,

t he present i nwembilenadpscidibcgetsedt hocaiomethad td omethoklifbi disthiging hécedpr emat ur e
pol ymeri zation of ethylenically unsaturated nononers conprising adding to
said 20 MRNRNEISy s igshi e aNRWILy 8ficaly | RASEQNBohdMEDE@meaRleCt ed
fromthe group conS|st|ng of C-nitrosoaniline and gul none ] m ne oxi e
conpoundgim;quxggg_ %gp 29 PCT/US01/ 31919 In another aspect, the present

i nvention Y&l Ates to A nmethod for distilling a feed conpr|5|ng at Ieast one
pol ymeri zabl e ethylenlc IIy unsat ur at ed nono thoﬂ

the steps of, HPHHdMET ﬁg&‘ SOPREINE ShPFHITREO “Clﬂéé FL@ W’ésrﬂl
ethylenically unsaturated 5 nonomer into a distillation apparatus
i nt r éducimgn@anpohioredistzidtioonpparhivbi ti ng ef fective anount of at |east one

i nhibitor selected fromthe group consisting of C-nitrosoaniline and

qui none i M ne ExbtenE€OPPIPHRESatidihBibsiaietk (s td drh@tit oNatdppabad sibiand
distilling said feed under distillation conditions in the presence of said
i nhi bi torse‘i&icd]@onﬁ?l%oyrgﬁ muﬁg fcdhl%gdahﬂmcqnd gRRBE Ak Bl VRRRRs
product of high purit eni ca unsat ur at ed nononer

oo Ay LRIuggf content of polyreri <

|ng

distilling said feed under distillation conditions in the presence of said inhibitor to
10 recover from said distillation apparatus an overhead product of high purity ethylenically
unsaturated monomer and a residual bottoms {raction having a reduced content of polymeric
material. In accordance with a further embodiment, the residual bottoms fraction is recycled
back into said distillation apparatus to reuse unspent inhibitor.
In another aspect, the present invention is directed to a composition of matier
15 comprising:
A) at least one inhibitor selected from the group consisting of C-nitrosoaniline
and quinone imine oxide compounds; and
B) at least one inhibitor selected from the group consisting of quinone alkides,
nitroxyl compounds, nitroaromatic compounds, hydroxylamine compounds,
20 phenylencdiamine compounds, quinone compounds. and hydroguinone compounds.
In another aspect. the present invention is dirceted to a composition of matter
comprising:

A) an ethylenically unsaturated monomer and

17



material. In accordance with a further enbodi nent, the residual bottons
fraction is recycled back into said distillation apparatus to reuse
unspent wW@bbBIes. | n anot her aspect, the present inventiparisodite®cted to
a conposition of matter 15 conprising: A) at |least one inhibitor selected
fromthe group consisting of C-nitrosoaniline and quinone imne oxide
conpounds; and B) at |east one inhibitor selected fromthe group consisting
of qui none al ki des, nitroxyl conpounds, nitroaronatic compounds,

hydr oxyl am ne conpounds, 20 phenyl enedi am ne conpounds, qui none conpounds-
and hydr ocl ui ngnpe ceanpEeds.inhibilinaARbNA! s@SRREGT to (frienppeR&ERNTre o aRtLAMbI S
directed to a conposition of matter conprising: A an ethylenically

unsat ur at @L%l ﬂthHtm% ?pLII]T?LIM\QnQ#/ %ggaﬁllug@l#ﬁ%yttﬁ’%&%%lﬁ)(mﬂq (%fdﬁ ?L‘Clgtl 6/1%

|nh|b|t|ng a sufficient to prevent ture pol ynerlzatlon duri ng
di stil ?qﬁ HUW5 cmt on ofsaid eth (gnca ﬁ mwﬁUHate mononmer, of at
| east onemlf 0 BY'tOF g@Pb@féH”WﬁSHT?H%’ ol BHES TS ECAMYIESSTRAI | i ne
and qui nonc i m ne oxine conpounds used together with an effective anmpount
of oxygencozpﬂpqmdg peceiapetherevithen eiisting eragnt of oxreenenyr efenbaricd tenRhibilting |
DESCRI PTION OF 'rim PREFERRED EMBCODI MENTS The C-nitrosoaniline conpounds
can be prapertechfbyid@lnbtioosati on of the corresponding anilines in any

typi cal manner used for the C-nitrosation of aromatic am nes. For exanple.

reaction of the am nepyCRIPERON OF AL P RAEBR REPABFASO POVIENTTS  0s0 conpound
10 that rearranges to a para-nitrosoaniline under the influence of an

excess of hydregh tqﬁlltr%scgl% fhe compounds can be prepared by C-nitrosation of the

corresponding anilines in any typical manner used for the C-nitrosation of aromatic amines.
For example, reaction of the amine with cold nitrous acid produces an N-nitroso compound

10 that rearranges to a para-nitrosoaniline under the influence of an excess of hydrochloric acid.
In some cases, it is more convenient to effect the nitrosation and rearrangement in one step by
conducting the reaction in methanol solution in the presence of an excess of hydrogen
chloride under anhydrous conditions. This procedure is described in U.S. Patent Number
2.046.,356.

15 Those skilled in the art will be aware that nitrosoaniline derivatives are understood to

tautomerize to quinone imine oxime derivatives, i.e.,

HN N

20



In sone cases, it is nore convenient to effect the nitrosation and
rearrangenent in one step by conducting the reaction in nethanol solution
in the pme@ensw2df-' an excess of hydrogen chloride under REHYEI1R1919
conditions. This procedure is described in U S. Patent Nunber 2,046, 356.
15 Those skilled in the art will be aware that nitrosoaniline derivatives
are understood to tautonerize to quinone imne oxinme derivatives, i.e.,
I-INN 20 0 Gl 18 WO 02/33025 PCT/US01/ 31919 See, for exanple,

Sidgwick, N.V., the AQ'ganic (7icmso-v of itro en, 1 lard |I1ddlon

d ar endonS&; essxau@pifcoBdpwike6l VTHs Orbotih(Tioniveyodilbe:dpr €siehtiditiespeci al |y
in solution at elevated tenperatures, and can be expected to contribute to

t he i nhi betakB@oAPHsVIOYoRE 1DheSEhuC arPaURtscanflkhenesReintilen quiinone i M ne
oxinme tautomeric formcan be enhanced by 5 alkylation or acylation at the

oxygen of clE@ﬁecPNn%h ;I;E' %hdhhxﬁﬁu L%tt@gn(gﬁ,dlmll[lﬁ(, Wt'h@?; IIQ'{ H? aci@] n(f[ll?ﬁu[

derivatives are e presen ‘nvention. The nitroso Inc and
qui none imne o |nh|b|t rs of the. resen% |nvent on ca d al one
o T contimgeon Tt B st R BRY UGt M PEATEISHE
nitroaromatic conpound, at |east one quinone al kide, at |east one quinone
deri Viat i valkylation esasylosion at ieryd ool the Ae e st hess, quionk émite ayiae forms

hydr oxyl am ne conpound, at |east one phenyl enedi am ne conpound, air or
oxygen, Ofindathair etivaeives arteleenHodicedoilegprestheisecitivhi bitors are suitable for
use over a w de range of tenperatures, but distillation tenperatures

enpl oyed Wi t hphhgi gtdhighi mlc}uynolae%ﬂmero@hﬁanﬂm@mms BatedhigvestigPldd ged
by the process of the present

used alone or in combination with at least one nitroxyl compound, at least one nitroaromatic
compound, at least one quinone alkide, at least one quinone derivative, at feast one
10 hydroquinone derivative, at least onc hydroxylamine compound, at least one
phenylenediamine compound, air or oxygen, or a mixture of the foregoing. These inhibitors
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
) about 165°C and, more preferably, from about 80°C to about 150°C. Such distillations are
generally performed at an absolute pressure in the range of about 10 to about 1,200 mm of
Hg.
The nitrosoanilines employed in the practice of the present invention are preferably of

the structure:

R R,

20
R
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invention typically range from about 60C to about 180C, preferably from
about 70C to 15 about 165C and, nore preferably, from about 80C to about
150C. Suovodr/3ps | ati ons are generally perforned at an abeDUStES1pMYessuUr e
in the range of about 10 to about 1,200 min of 1ig. The nitrosoanilines
enployed in the practice of the present invention are preferably of the

structure: RI\ /}Z 20 :iii"ci: 19 WO 02/33025 PCT/US01/31919 wherein R
and R, are independently selected fromthe group consisting of hydrogen,
alkyl, aryl, acyl, hydroxyl, alkoxy, nitroso, and sulfonyl, or R and R

can Farm ah@yml R Cadfd Gt haitpuﬁiunw ydlcctey tb@ahkydoup pohsydiny lol hodrogen, alkyl,
het erocyclic; R3 t hrough R7 are independently selected fromthe group

consi sti "4 acﬁyﬁmgeyn m@hylmnmyknd Mﬁoﬁglylw Rhmﬁ@mlmxﬂl ORYic rﬂ&ythw

NR8( Rg) , tro nitroso I'ogen, onyl, or any two adjacent R's
can forn1a . cycloalkyl pol yaryl, or heterocyclic,

provi ded m?ﬁﬁycggm%ngy“@ﬁé“é?“%ﬁxfh?ough R7 nmust be a nitroso group; and

R8 and R9 are |ndependently sel ected fromthe group conS|st|ng of hydrogen,
al kyl, ar¥4 thrergpl R; arajlepgridenidn selmied Bpaphy erapicansiyiae o srdaaen RE- gl kyl |
10 The gui none imne oxinmes enployed in the practice of the present
i nverdt i onacat.éhydpred aedlablyyacyloxyhBIRg(RMatiue ettrddRuimiodRb2éhdRulfodl, or any two
adjacent R’s can form a cyclic ring that is aryl, cycloalkyl. polyaryl, or heterocyclic, provided
that at least one of R, through R, must be a nitroso group; and
R and R, are independently selected from the group consisting of hydrogen, alkyl, aryl, acyl,
and nitroso. Preferably Ry is hydrogen and R, is alkyl.

10 The quinone imine oximes employed in the practice of the present invention arc

preferably of the structure:

NRII()
RIZO RI..?.
15 RIZI R]?.B
NOR,,,
or
NRIIO
RIZO NORIH
20
RlZl Rl?.h
R fd

12
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15 R121 R123 NORI | | or NRIITO 120 Il 20 :::1 R 1 22 20 WO 02/33025
PCT/ US01/ 31919 wherein R120, R121, R122, and Rl 3 are independently

sel ect ed W om330k® group consi sting ohhydrogen, al kyl, arpCT/ussacdionl kyl ,

het erocyclic, substituted alkyl, substituted aryl, OR1,Cl, NR10R111,

SR, ,(), NO NO, CN, COR 1z, and hal ogen, or R110 and R121 can be taken 5
toget her and/or R122 and R123 can be taken together to formone or two ring
structures, respectively, either of which can be of five to seven nenbers;
8110 and R 1, are independently selected fromthe group consisting of

hydr ogen, wabkyl , aryl, acyl, benzyl, cyclic, heterocyclic, substituted

al kyl or aryl where the substituents are C, 0, N, S or P, and COR102, or

Soron' v B3t S5 RO - D) SIS
i nd d | I f hyd , ,
TR T R LT R AR Ao P

substituents are C,
NR,,OR”], SRp. NO, NO,, CN, COR,,. and halogen, or R;,; and R, can be taken

5 together and/or R,, and R, can be taken together to form one or two ring structures,
respectively, either of which can be of five to seven members;
R,p,and R,,, are independently selected from the group consisting of hydrogen, alkyl, aryl,
acyl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents are C,
O, N, S, or P, and COR,,, or R,;; and R,,, can be taken together to form a ring
10 structure of five to seven members;
Ry15 18 Rygp, ORygs, 0r NR10R 055 and
R,y and R,y; are independently selected from the group consisting of hydrogen, alkyl, aryl,
benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the substituents are C,
O, N, S, or P, or Ry, and R,; can be taken together to form a ring structure of five to
15 seven members.
The nitroxyl compounds that can be employed in combination with the nitrosoanilines
and quinone imine oximes in the practice of the present invention are preferably of the

structure:

20



0, N S or P, or RL0O2 and R103 can be taken together to forma ring
structure of five to 15 seven nenbers. The nitroxyl conpounds that can be
enpl oyed wanowagod nati on with the nitrosoanilines and qui PONESIIKEIAE® OXi Nes
in the practice of the present invention are preferably of the structure:
xx 2011 RC. ,GRi N4 RI R3O0 21 WO 02/33025 PCT/US01/31919
wherein R, and R, are independently selected fromthe group consisting of
hydr ogen, al kyl, and heteroatom substituted al kyl and R2 and Rz are (1)

i ndependently sel ected 1lnomthe group consisting of alkyl and

het er oat okt | dndtRg drainkyhendotly( @) cctakiam tiegebleconsfsdngovahydmgen, stkiuct ur e
with the nitrogen; and Xi and X2 (1) are independently selected fromthe

group 5 S, S J s),
Ionp O%%g%?&b NGmal Ibﬂﬁbt‘ég‘%ﬂyl elrtpﬁgpglrrg ﬁgrpﬁ;uxg&ng ;} E%rrﬂa& 11901(%1;&5)6

-S- 061- 15, carbony or a , ) t L ons, . or (2)
t aken t ogerhiay 8 ? dklgngﬁe%”j%?ﬁé]u%éuﬁﬁt%b Oecﬁﬁ?fﬁggﬁﬁufnkgnﬁHW¥icuIarIy

preferred enbodi nent, the nltroxyl conpound has the structural fornula: 10
~~ \ Rstructure with the nitrogen; and X, and X, (1) are independently selected from the group

5 consisting of halogen, phosphorus (in any of its oxidation states), cyano, COOR,, -S-COR,, -
OCOR,, (wherein R, is alky! or aryl), amido, -S-C F., carbonyl, alkenyl, or alkyl of 1 to 15
carbon atoms, or (2) taken together, form a ring structure with the nitrogen.

In a particularly preferred embodiment, the nitroxyl compound has the structural

formula:

wherein R, and R, are independently selected from the group consisting of hydrogen, alkyl,
15 and heteroatom-substituted alkyl and R, and R, are independently selected from the group

consisting of alkyl and heteroatom-substituted alkyl, and the

—~

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

ring.



N/ 1 Rel1R3 0* wherein R and R4 are independently selected fromthe
group consisting of hydrogen, alkyl, 15 and heteroatom substituted al kyl
and R, amdoR83xe® i ndependently selected fromthe group PBORWER&WI1IAY of

al kyl and heteroatom substituted al kyl, and the 20 portion represents the
atons necessary to forma five-, six-, or seven-nenbered heterocyclic
ring. WO 02/33025 PCT/US01/31919 The qui none al ki de conpounds that can be
enpl oyed in conbination with the nitrosoanillnes and quinone im ne oxines
in the practice of the present invention are preferably of the structure:
X R120 8122 Fhaqgnancialigylp gompourkly %é%bﬁUXPI@L&S%y‘g@ﬁb“mwnu\yﬂdﬂéL24R125
R120, R12,, R122, and R123 are independently selected fromthe group

consi st i nigrosfaniyats ogényinoad kyihg oainyds in Syegirodick pi theguésconylonthveteer ocycl i ¢,
substituted al kyl, substituted aryl, OR11,, 15 NR110R111l. SR, 10, NO NQ2,
COR, 1,,n@ngﬂh@bpg@@UuammR120 and R12 can be taken together and/or R122
and R123 can be taken together to fornlone or two ring structures,
respectively,

120

121

10 wherein
X 1s oxygen
Yis CR R 55
Ris0. Rizps Rys0, and R, are independently selected from the group consisting of hydrogen,
alkyl, aryl, cycloalkyl, sulfonyl, heterocyclic, substituted alkyl, substituted aryl, OR,,,,

15 NR, 1Ry 1 SR 0, NO, NO,, CN, COR,,, and halogen, or R,,; and R, can be taken together
and/or R,,, and R,,; can be taken together to form one or two ring structures, respectively,
either of which can be of five to seven members;

R,y and R,s arc independently selected from the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, heterocyclic, substituted alkyl, substituted aryl, OR, 5 NR; 4R, SR,

20 NO,. NO, CN, COR,,,, halogen, and/or can be taken together to form a ring structure

of five to seven members;
R,and R, are independently selected from the group consisting of hydrogen, alkyl. aryl,

acyl. benzyl, cyclic. heterocyelic, substituted alkyl or aryl where the substituents are C,

o
1,0



either of which can be of five to seven nenbers; 8124 and R 2% are

i ndependently sel ected fromthe group consisting of hydrogen, alkyl, aryl,
cycl oal kywoQ otigzoes ocycl i c, substituted al kyl, substituted BEDPUSOIGRILY, , ,
NR110R11,, SRI,n, 20 NO2, NO CN, COR112, hal ogen, and/or can be taken

together to forma ring stricture of five to seven nenbers; R ,,, and R11,
are independently selected fromthe group consisting of hydrogen, alkyl,
aryl, acyl, benzyl, cyclic. heterocyclic, substituted al kyl or aryl where

the suhstituents are C, 7, WD 02/33025 PCT/US01/31919 O, N, S, or P, and
COR,,, 2, or R &0yag ?&)Fﬁ and E be,f ﬁkeﬂmtI%%%H%E t‘l@&%ﬂ%m@ LAY 11%%{ ucture

of live to sevéh nempbers; [Z"2"s RI* 3; and R ,,2 and

8103 are |ndepe ntly selected fr n1the group consi sting of hydrogen,

al kyl, aryl, $'BERZGP! ‘€9@VF3“]HQP§ Focyclic, and substituted al kyl or aryl

where the substituents are C, O, N S or P, or R02 and 8103 can be taken

t oget her Rﬂ»ﬁdﬁﬁ)@Rmnngpﬂibﬂhﬁu@e of five to seven nmenbers. The

nitroaromati c conpounds that can be enployed in conbination with the

ni t r osoanR|,i mebR gnade quicpanrienily nélpgedkbmese proup kengstagtdfbedoiet, hékybraeslent

invention are 10 preferably of the structure: RR R NOl, R6 *R, R5 15
5 benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the substituents are C,

O, N, S, or P, or R, and R 5 can be taken together to form a ring structure of five to
seven members.
The nitroaromatic compounds that can be employed in combination with the
nitrosoanilines and quinone imine oximes in the practice of the present invention are
10 preferably of the structure:

NO,

-3
(51

@a*

15
wherein R, through R, are independently selected from the group consisting of hydrogen,
alkyl, aryl, acyl, hydroxyl, alkoxy, acyloxy, N Ry(Ry), nitro, nitroso, halogen, and sulfonyl, or
any two adjacent R’s can form a cyclic ring that is aryl, cycloalkyl, polyaryl, or heterocyclic;
and

20 Ry and R, are independently selected from the group consisting of hydrogen, alkyl, aryl, acyl,
and nitroso. Preferably Ry is hydrogen and R, is alkyl. Preferably, R, is hydroxyl. R, is nitro,

and R, is alkyl.



wherein R3 through R7 are independently selected fromthe group consisting
of hydrogen, alkyl, aryl, acyl, hydroxyl, al koxy, acyloxy, N R8(R9),

nitro, niwoe¥ssn2zhal ogen, and sul fonyl, or any two adj aceP€CT/RS&/31ary form a
cyclic ring that is aryl, cycloal kyl, polyaryl, or heterocyclic; and 20 Rs
and R are independently selected fromthe group consisting of hydrogen,

al kyl, aryl, acyl, and nitroso. Preferably R8 is hydrogen and R, is

al kyl. Preferably, R3 is hydroxyl, R6 is nitro, and R, is alkyl. 24 WO
02/33025 PCT/US01/31919 The hydroxyl ami ne conpounds that can be enployed

i n conbi nati onTuk hhdiREamitcr @qRhdNmBE @Rthe GHIPNARE ik EMhRBaGXl (RS th t he
practice of the present invention are preferably of the structure: R100"-

Rini 5 Nybsoddiheng 1[?1th3( £ hilc %Qqn ’thca[{x"lakktch%?B]%gwqekEB IY“TIQL?%C& ed f rom

t he group conS|st|ng o rogen, kyI den enzyl'i dene, ary

benzyl ?ECR% CONR, n2R, 02, cyclic, heterocyclic, hydroxyalkyl,
and substVFH?@HYQ ASUSFUSE Y| where the substituents are C, 0, N, S, 10 or
P, or R,() and R 0, can be taken together to forma ring structure of five
to seven menbers. The phenyl enedi anjne conpoRnds that can be enployed in
conbi nation with the nitrosoanilines!%nd ndhe imine oxinmes in the
practi ce of the present invention are pr I rably of the structure:

OH
wherein Ry, and R, arc independently selected from the group consisting of hydrogen,
alkyl, alkylidene, benzylidene, aryl, benzyl, COR,;,, COORg,, CONR,,R 45, cyclic,
heterocyclic, hydroxyalkyl, and substituted alkyl or aryl where the substituents are C, O, N, S,
10 or P, or

R,qy and Ry, can be taken together to form a ring structure of five to seven members.

The phenylenediamine compounds that can be employed in combination with the
nitrosoanilines and quinone imine oximes in the practice of the present invention are
preferably of the structure:

15
R R,
l\N/

~
-5
o

o«

XS]
N



15 R-"" Rz RF\ RB I RGRI RS 20 25 WO 02/33025 PCT/US01/ 31919
wherein R, and Rz are independently selected fromthe group consisting of'
hydr ogen,w@bkgdo2s aryl, aryl, hydroxyl, alkoxy, nitroso, megusu/dipryl, or
Ri and R, can Forma cyclic ring that is aryl, cycloal kyl, polyaryl, or
het erocyclic, R3 through R7 are independently selected fromthe group

consi sting of hydrogen, alkyl, aryl, 5 acyl, hydroxyl, alkoxy, acyl oxy,
NR8(Rg), nitro, nitroso, halogen, and sulfonyl, or any two adjacent R s
can forma cyclic ring that is aryl, cycloal kyl, polyaryl, or heterocyclic,

provided hpRE, RT 1A LRSS ORR pPRdREy EOEQUOR0 REnETHSLp RENAN NRA (R & QuRs, and
RR and Ry are independently selected fromthe group consisting of hydrogen,

al kyl, aryl »lﬁly%g};( b&%rg?}”lga Olfiog,%@mf@g{ & @gm r R addR h&ﬂw&%%@g r';lﬁ%gmg' or

aryl, R8I n I's a e guinohe conpou can be
enpl oyed in conbination wth the nitrosoanilines and quinone imne oxines
in the prattiwslosfvtmelyprdseme!sAYEHti on are preferably of the structure:
0 R1 2110 8122 15

R, through R, are independently selected from the group consisting of hydrogen. alkyl, aryl,

S acyl, hydroxyl, alkoxy, acyloxy, NRy(R,), nitro, nitroso, halogen, and sulfonyl, or any two
adjacent R’s can form a cyclic ring that is aryl, cycloalkyl, polyaryl, or heterocyclic, provided
that at least one of R, through R, must be an NR(R,) group; and
Ry and R, are independently selected from the group consisting of hydrogen, alkyl, aryl, acyl,
and nitroso. Preferably, R, is hydrogen, R, is alkyl or aryl, Ry is hydrogen. and R, is alkyl.

10 The quinone compounds thal can be employed in combination with the nitrosoanilines

and quinone imine oximes in the practice of the present invention are preferably of the

structure:
O
R]ZO RIZZ
15
RIZJ R123
O
or
O
20
RIZO O
Riaf R
R,

20



R12 R123 0 or O 20 R~zo O R12 R1.,3 26 WO 02/33025 PCT/US01/ 31919
wherein R120, R121, R122' and 8123 are i ndependently selected fromthe
group comve®er/33egs of hydrogen, al kyl, aryl, cycloal kyl, sBCTOR§1/31919

het erocyclic, substituted alkyl, substituted aryl, OR111,, NRL1OR,,,,

SR, ,,), NO NO7, CN, CORL,,,, and halogen, or R 70 and R ., can be taken
toget her and/or 8121 and 8123 can be taken together to formone or two ring
structures, 5 respectively, either of which can be of five to seven
menbers; R10 and R,,, are independently selected fromthe group consisting
of hydr O%ﬂrciﬁhl‘ﬁ){,'R,ZIQR}/ZL,UH(HRQQZMJ indeylitdly sebted doycihcgrogubssistng eld al kyl
or aryl where the substituents are C, 0, N, S, or P, and COR10,, or Rlle,
and R ,, 08 . epy i e Lerdher meRrdeh g, sidsUchdr ek @af subisn@tddarslieven
menber s: GRS SHRESRY , J;og%ol’z;,&%r”?m, ST 05 Tand K109 and RI03 aro

i nd d | | ected f 11SE| f caftbd diken L,
| ndependepy |y, sel ot e 1o LRE GROUPEoNSliSk gy of Y dregen < phiwlen ary

benzyl , 1%, het'erocycl Ft'ute aryl~where the
substituents are C, 0, N, S, or P, or RﬁO%P{znd R103 can. he t gken t oget her
to form dogaly asdionReurisl Rfs $nke trkensieedRer idomeene or {50 t08 SHYHF Sdui none
conpounds that can be enployed in conbination with the nitrosoanilines and
qui nene iredpaetivaky, rmitker af vheh pndetdidecdd stive npmewent i nvention are
R, and R,,, arc independently selected from the group consisting of hydrogen, alkyl, aryl,
benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents are C, O, N, S, or
P, and COR ,, or R, and R, can be taken together to form a ring structure of five to seven
members;
10 R 13 18 Ry, ORjgo. or NRy R 55 and
Ry, and Ry, are independently selected from the group consisting of hydrogen, alkyl, aryl,
benzyl, cyclic, heterocyclic. and substituted alkyl or aryl where the substituents are C, O, N,
S, or P, or Ry, and Ry, can be taken together to form a ring structure of five to seven
members.
15 The hydroquinone compounds that can be employed in combination with the

nitrosoanilines and quinone imine oximes in the practice of the present invention are

preferably of the structure:

OH

-

20

R; R,



preferably of the structure: R~ [t~ 20 27 WO 02/33025 PCT/ US01/ 31919
wherein R, through R7 are independently selected fromthe group consisting
of hydrogem02/33bkyl, aryl, acyl, hydroxyl, al koxy, acyl oxPCT/NSRA1IRY, ),
nitro, nitroso, halogen, and sulffonyl, or any tw adjacent Rs can forma
cyclic ring that is aryl, cycloal kyl, polyaryl, or heterocyclic, provided
that at |east one of R through R nust be an OI-1 group; and 5 R, and R
are independently selected fromthe group consisting of hydrogen, alkyl,
aryl, acyl, and nitroso. Preferably, either R is OH and R3 and R, are

al kyl or \Rardrlﬁ Rthaadh RS absingtjeplientiylaictted (ool 6gairmeh coabikihe ¢loydsalest i t ut ed
al kyl') groups, or the al kyl noieties of al koxy groups, preferably contain

one to 15111%@"*?91“ qgloﬁﬁlm@ylgdlko{m \b)M )‘(y & RYIR&)} HnRPMI mqu;lly(lg:tn phﬁQ}{h?ny]h@,XW

hept yl , octy nony , decyl, undecy , dod ecy tridecyl, tetrad ecy

entadec g

2 et hyl hg“xl%‘wo "h’d‘c‘f’H ng “tl’é}("”’i“t“ 3 ““‘ﬁb“]g%b?e%‘g?f ‘; éHC’?HEF IB‘Hé‘"éF E&%‘*PSFY clic,
substltuted_alk L roups one to five carbon atons (e.g., nethyl,

et hyl , prigpyied @5?&%@%99& thagtghiRs gt §¢ pmEH-Eeyp: ®dbst i t uents on t he
substituted al kyl groups can be any noiety that will not interfere with

t he functRomd RKofar¢ heleporieotnsgectd@l iybmdghogpesp anesiginme fo€ haddoyen, afkyf, morh &iyk t o
10 carbon atons, e.g., phenyl or naphthyl, which, in addition, may be 15

subst i t utd rivdsh. PoSfe HLEY, feRhéY, i§ @lpsiﬂdtmemlusa ®e Bkyl dra¥aE Odl K ROE QHRS,
hal ogens, and the like. The effective anmount’ of |nh|b|tor(s) used in the

practice of theg ?o%s%&n%rmréngr%b EAREAS D Wod RCNhE LRSCADLLLNG o %,g;w

gui none i m ne OXIWE C one or a ni
and/or nitroaro and/ or al ki de, and/ or i none, _and/o

hydr oqui roRES Bifd lﬁyﬁ98?8k?}3 gQAQHGF@F Bheﬁvﬁ@ﬂe%FHHPWEY%BW%b@hﬂﬁb) is

hexyl, heptyl, octyl, nonyl, decyl, undecyl. dodecyl, tridecyl, tetradecyl, pentadecyl, and the

10 like, and isomers thereof, e.g., -butyl, 2-ethylhexyl. and the like. It is more preferred that the
alkyl (or substituted alkyl) groups be of one to five carbon atoms (e.g., methyl, ethyl, propyl,
butyl, pentyl, and isomers thereof). Substituents on the substituted alkyl groups can be any
moiety that will not interfere with the functions of the compounds. Aryl groups are preferably
of from six to 10 carbon atoms, e.g., phenyl or naphthyl, which, in addition, may be

15 substituted with noninterfering substituents, e.g., lower alkyl groups, halogens, and the like.

The effective amount of inhibitor(s) used in the practice of the present invention

comprising the nitrosoaniline and/or quinonc imine oxime compound(s), alone or in
combination with a nitroxyl, and/or nitroaromatic, and/or quinone alkide, and/or quinone,
and/or hydroquinone, and/or hydroxylamine, and/or phenylenediamine compound(s), is

20 typically about 1 to 2,000 ppm, based on the weight of the ethylcenically unsaturated
monomer, although amounts outside this range may be appropriate depending upon the
conditions of use. The amount is preferably in the range of from about 5 to about 1,000 ppm,

based on the weight of the ethylenically unsaturated monomer.
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20 typically about | to 2,000 ppm based on the weight of the ethylenically
unsaturated nononer, although anmounts outside this range nay be

appropri aveozzeendi ng upon the conditions of use. The anPOMUSIIE31pref er ably
in the range of ffromabout 5 to about 1,000 ppm based on the weight of

t he ethyl enically unsaturated nononer. 28 WO 02/ 33025 PCT/ US01/ 31919 The
effective anobunt of air or oxygen used in the practice of' the present
invention is typically about I to 2,000 ppm based on the weight of the
cthylenically unsaturated nononer, although amounts outside this range may

be appropri at ¢ndependicRehodRON Lih& (w‘}g(ﬂgu&“l AN eGradiR8 of (NG @ERUM CHltdn is
preferably in the range of fronlabou to about 1,000 ppnl 5 based on the

wei ght OT mmﬁ?{'a OLtlletr(y?C(%Ol JHIE riméc (m &’L%gpﬁlb Ltlﬁﬁgﬁ%flce”{l&/ Ué]% umPLq | ments of

the insta vention Co erel Used that is
froml to 99 percent ght of at Ieast one nltrosoanlllne conmpound and
99 to 1mﬁéﬁa@@ntﬂtwla}eeir@qﬂn%waf fheiepeomay Beaprpemdr dersmgdgntron Adror e
preferred m xture conprises from5 to 75 percent by weight off at |east
one nit r ogwanirsiohese ohpoamaurdndprefriabdy M0h Bingero€ énm dbputvkigiitoubf.08f ppeast
one additional conmpound. A still nore preferred m xture conprises fromb5

to 50 pepgedbn by Weio@hdr aE cilylcn@ABY upRerMcd hsoart.! i ne conpound and 95 to
50 percent by weight of at |east one additional conpound The ethylenically

unsat ur at ed NPRQIEI o f K1 RESTBE Sl YR 5@&5 mwe &BwhSrefila ) gﬂ&g&t of

t he present 1 nvention, can be any such nononer uni nt ende
D obl em CARSHGS FHELE b RSREREN, Hateigh o E&ﬁ%m “Pq%gir“’ni b RSPt he
present invention arc: styrene, a- nethylstyrene, styrene sulfonic acid,
vi nyl t ol lrehesreerity nydiglmf ehlsest ope pydiiienl Bemperss, A maikpicAtred mixgrene,
2-vinylpyridinc, acrylonitrile, nethacrylonltrlle nmet hyl acryl ate, ethyl
comprises from 5 to 75 percent by weight of at Jeast one nitrosoaniline compound and 95 to
10 25 percent by weight of at least one additional compound. A still more preferred mixture
comprises from 5 to 50 percent by weight of at least one nitrosoaniline compound and 95 to
50 percent by weight of at least one additional compound.
The ethylenically unsaturated monomer, the premature polymerization of which is an
object of the present invention, can be any such monomer for which unintended
15 polymerization during its manufacture, 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, 2-vinylpyridine, acrylonitirile, methacrylonitrile, methyl acrylate, ethyl
acrylate, methyl methacrylate, ethyl methacrylate, acrylic acid, methacrylic acid. butadiene,
20 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 heated as in

distillation, but they can be considered to be stabilized as long as there is a measurable
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acrylate, nethyl nethacrylate, ethyl nethacry late, acrylic acid,

nmet hacrylic acid, butadiene, 20 chloroprene, isoprene, and the |ike. The
et hyl eni o8 by39psat ur at ed nononers wi Il not necessarily beCBUaWIIIPWed
indefinitely by the presence of the inhibitor blend. especially when the
nononers are heated as in distillation, but they can he considered to be
stabilized as long as there is a neasurable 29 WO 02/ 33025 PCT/ US01/ 31919
increase in the tine for which they can be heated before the onset of

pol ymeri zation in a static system and/or the anount of polyner nade at

const ant gkt HeQirh&MRWISCICORS tanbe RMEX bekdrtBhe dhsa dydaThE&AYSE B stdiose
skilled |n the art will understand that, if desired, additional free

radi cal sI) §t%%‘(ﬁ%g%?‘ili ‘qlqgéhn?%l[ l)&g dlldg thU& [g L%B (uﬁttagkrtjzr}rg& l‘C?I IWRO Jn%tégrb%tr For

exanpl e, at ent ers and

5, 545, 786, . can added, as can the di hetero substituted benzene conpounds
havi ng at PE%%%“%H@“F%%%@?%rable hydrogen, e.g., a quinone derivative such
as the nono-net hyl -et her of hydroqui none di sclosed in European Pat ent
Application 0 7BBs886liad in thndriotiHemdimbndinbiksdageed, Kdidwnaltlecetmdsd skil | ed
in the art. The 10 dlsclosures of the foregoing are incorporated herein by

ref erence defivdnberk caiebé incidyd inTthe spollizpecompdsittonsi Mol Bidngsle cON@A3) td on can
be introduced into the nonomer to be protected by any conventional nethod.

It can be @Qg&gh?uas q%sagnt,m%e% 50, wz'dqa 519455861 @ 1% adBOd, Y8 RAS (hk Witetero-

upstrean1fron1t poi nt esired application by any SU|tabIe nmeans. For
exanpl e, i dual |nh|b|t|n onen e ected separately or
T conbi et PEHIED R s RENaE T RE A BanRR o e eEFh e T RABhENe
distillation train. The individual inhibiting conponents can al so be

i nj ect ed s&piypr@teeiugh phihs mew-wedy|-Fl 1a*tﬁ’fdﬁdtqqalf}?“%ﬂt§ﬁ@5%ﬂ i wraeep FeSHt ng
feed or through separate entry points, provided there is an efficient

di stri butiApplahtioth@ 765 856 Al, and other inhibitors well-known to those skilled in the art. The

10 disclosures of the [oregoing are incorporated herein by reference in their entirety.

The polymerization inhibitor composition can be introduced into the monomer to be
protected by any conventional method. It can be added as a concentrated solution in suitable
solvents just upstream from the point of desired application by any suitable means. For
example, the individual inhibiting components can be injected separately or in combination to

15 the monomer feed tank prior to injection into a distillation train. The individual inhibiting
components can also 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
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

20 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 mixture above the minimum required level.

LS
—_—



inhibitors. Since the inhibitors are gradually depleted during the
distillation operation, it is generally advantageous to nmaintain the
appropri Ve ozswehnt of the inhibitor mxture in the 20 di sPCTAU&I/AN1Y
apparatus by adding inhibitors during the course of the distillation
process. Adding inhibitors can be done either on a generally continuous
basis or intermttently, in order to maintain the concentration of

i nhibitor m xture above the mnimumrequired level. ;0 WO 02/33025

PCT/ USO01/ 31919 The distillation nethod of the present invention is

suitabl e for ug@cigivibfidiH@bigd 3nvhet ¥P& P vSRRAN AL ARIAl, @scgglv)ﬁ%ﬁliv\al}l?bl e
et hyl eni cally unsaturated nononer wherein the nononer is subjectéed to

tenperatufes above room temperature.. Thus, the process of the .present
inventionhﬁ%§ﬁﬁcéﬁdq%ﬁ§&f%%w]V&ﬁﬁgﬁfvﬂﬂg‘FUﬁn?ﬁevggdHWFWW§PpF?%ﬁNBh

techniques, the 5 preferred nmethod for separating unstable organic |iquid
i xt ur es. MPREMERBUNPIcoed poloytasFd v iy o raninBe o oiratahd eldh uprlc vecgssovdhe a wi de
range dependi ng upon the conditions of distillation. CGenerally, the degree
of stabi | pratitonvdnsiophoplarchifenal pariccitifrey awtiumi vahiuinhitbiation (ccaddaes, tHen
accordance wth the present invention, it has been found that inhibitor

concent rab}e@é}ﬁccgrﬁ%f)@kér)ée}g}ﬁﬁtv}?;[eﬂm?fmﬂ%rgg[gc RH{H‘S%%L@&@W]C%Q%%PPW by wei ght

have 10 generally provided suitable results, depending primarily upon the
tenperature of the djistillation mxture and the degree of inhibitjon
doorred. NEVEsErEn MhBHaER R S i iige T fie bl oniGaner on
it is used in concentrations of 100 to 1000 ppm During vacuumdistillation
of et hyl efisEHatign. Upgwtallyathedeaisaohsipbilizheon is ppwodionnklodhic ampentodbdiibien i s
preferably maintai ned fromabout 65C. to about 130C. by controlling 15
reboi |l er pddedsln ecatddncomitdbioupreSht immchbo@biowk b4Q0omd oht inhitgtor Under such
conditions, in a distillation apparatus having a distillation zone

cont ai ni ngoﬁc@@t%t%_@‘é%négl} Rt &PAHLbo1P 9 ngillsdqlh LL&k 88 ﬁﬁ@%gévelém{q% tor

m xture concentrations of from about 1 ppmto abou

10 generally provided suitable results, depending primarily upon the temperature of the
distillation mixture and the degree of inhibition desired. More often, however, with the
inhibitor of the present invention it is used in concentrations of 100 to 1000 ppm.

During vacuum distillation of ethylenically unsaturated monomer., the temperature of
the reboiler is preferably maintained from about 65°C. to about 130°C. by controlling

15 reboiler pressure at from about 30 mm to about 400 mm of Hg. Under such conditions, in a
distillation apparatus having a distillation zone containing from about 50 to about 100
distillation stages, inhibitor mixture concentrations of from about 100 ppm to about 2000
ppm by weight are suitable, whereas concenirations of from about 100 ppm to about 600 ppm
by weight arc preferably, 200 to 600 ppm by weight. in the case of styrene distillation and

20 concentrations in the range of from about 200 ppm to about 1000 ppm by weight are
preferred for distillation of divinylbenzene. The foregoing ranges are based upon distillation

temperatures of from about 657C. to about 150"C. and residence times of between about 2
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ppm by wei ght are suitable, whereas concentrations of from about 100 ppmto
about 600 ppm by weight are preferably, 200 to 600 ppm by weight, in the
case of w@omss®2dli stillation and 20 concentrations in theP€EO§E/IP19 r om
about 200 ppmto about 1000 ppm by weight are preferred for distillation
of divinyl benzene. The foregoing ranges are based upon distillation
tenperatures of from about 65' C. to about 150"C and residence tines of

bet ween about 2 31 WD 02/ 33025 PCT/US01/31919 and 4 hours. CQbviously, in
the |l ower portions of the tenperature and residence tine ranges, snaller
amount s afdidnhiued. trvicmyy . bethetlowezedioGitous hiperaamoumt ssidfndenhmbianges,
greater than those specified herei nabove may be enpl oyed, although the

advant agesﬁu(ﬂfcr %ﬂg g of nﬁnblt%qql'l L nadizEnRbRES Rl ahBuRQbLs ﬁl‘hgmuf“ Leant 1and are
out wei ghe e corresponding increase in cost. The pol ynerization

i nhi bitor of the _present . invent stillation
appar at udh95% SRRy l&%ﬁv&ma@ﬂ‘fc Wﬁ% 8?”%‘&&‘1‘? Y)%P Hae '“(f?‘f i“@\%n?’ Hﬁ”}*ﬁq h‘f)uti on of
the inhibitor throughout the apparatus. Typlcally and nost advant ageously,
t he requiadddicanbhibitopfire netisigintfeani mdgirapriyreuddedy the wresradsicligfcEesd of
the distillation colum, although equivalent 10 results nmay be obtained by
i ncorspor adoking t he inhibitor into the incom ng hot streamof nononer. Al so,
the inhibitor may be added at both reboiler and directly into the

di stillation O’fl‘?@! W%eﬁ%f&%rmﬁ%ﬁé%ft@%ﬁﬁrﬁ@ﬁﬁox%aﬁgéhlttﬂo%co‘aﬁ piige a

di stribution tor which s nsurate wt di stribution of
nonomner ggthln the distillation system and | S €ess

pol yner i ﬁiBWOPﬁHP%?FF6%“”ﬁ§”V?mF@I@@H@F& FVIWEE§§§§ “E%“ﬁéPHTb?g¢?he
appropriate amount of inhibitor in the distillation apParatus by addi ng

i nhi bi t orintibitonthrokghoobie sepafitus heypdiadly iah#l atdsbadvonieexsisly, Bietrerarired gmognt
general ly continuous basis or on an intermttent basis. The nmeans by which
t he of inhibitor is simply added to the reboiler area of the distillation column. although equivalent

10 resulls may be obtained by incorporating the inhibitor into the incoming hot stream of
monomer. Also, the inhibitor may be added at both reboiler and direcily into the distillation
column. Either and/or both methods of addition provide a distribution of inhibitor which is
commensurate with the distribution of monomer within the distillation system and is essential
for effective polymerization inhibition.

15 It is generally necessary to maintain the appropriate amount of inhibitor in the
distillation apparatus by adding inhibitor during the course of the distillation process, either
on a generally continuous basis or on an intermittent basis. The means by which the
maintenance of the necessary concentration of the inhibitor system is carried out is of no
particular importance as long as the concentration of inhibitor is kept above or about the

20 minimum required level.

One method by which the amount of inhibitor which 1s gradually depleted during

distillation and the increased cost necessitated thereby may be minimized is by reeyceling a
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mai nt enance of the necessary concentration of the inhibitor systemis
carried out is of no particular inportance as |long as the concentration of
i nhi bi t ow@e2/63p3 above or about the 20 m ni num requi red PEVESI/IDM® net hod
by which the anobunt of inhibitor which is gradually depleted during
distillation and the increased cost necessitated thereby may be m nim zed
is by recycling a ;2 WO 02/33025 PCT/US01/ 31919 portion of the
distillation residue or tar hack into the distillation system It has been
Found that the distillation residue contains a substanti al quantity of

pol vi ncr '%ﬁtdncmtlhdqdﬂkm'l{t%ﬁ el ehom@aybhachento erddiktiliuzied sysicitihig hds stenlibatd bnt
systen1MAth a concomtant reduction in the process requirenents for

addi tional i.n i tor | finhifb@ot @hich b
amount 5 T s g {Oﬁ%‘%%b‘”ﬁ“‘lﬁ‘f“ma‘ktﬂg8@2@2{%%9?};3 ol e 1y

i ncreased, thereb enhanclng rotection against on.within the
system évﬁhhﬁﬁéy‘%ed¥%gyﬁmé§5%5b%’Wﬁf%l R %ﬁ?tcgtpgﬁJ@Vé ém at any
desirabl e point therein such as would be obvious to those skilled in the
art. Howev@rirenientsadot ydiicanal dilsitdr] Morasnct paresyclunppegippgl Heflity: de amount
fractionation colum, a recycle colum. and a finishing colum, adequate
10 i ghi bidroy; npﬁ&t\%ﬂhh Qe Wkth It B n tshaeh ety ceasi @ohtumiy! h@é‘rcﬁe@nhémbmdﬂmombg
essential to the elimnation of thernmal polyner, since the high

distillation tenpera n hieve adequate fractionation
bet ween tHARCEY G 1831 Qw§mn§ﬁ§§§9ﬁM ttl(Rasggtafrnated therein causes the

ound

formation of a substanti al portlon of otal t her

within the di skheltpampyhe resysled bresing k}eﬁgl“& 1‘“l“iﬂf"@fé‘&m Wa"f‘?ﬁ% %Fvﬂrg’g“rm ‘Eq)r%éﬁmn
processes, approximately 80x'0 of the total 15 thernal polyner formed is
attr|butahkﬁa§®onhﬁmnﬁwyn&eodmkudnﬂmbﬂﬁbwemrﬂﬂ%ﬁVEinnﬂhﬁﬂﬁﬂéﬂ%Mm@@WUmn
enbodi nent, the portion of tar recycled is recycled to at |east the recycle

col umm, r@[r%fzpﬁ@pfrb(ctlorﬁ%@oﬁ B8 umaVefec i @gtdInmnoind hEnikday cbemmohdemnatien
order to préalde a locus of inhibitor
10 inhibitor protection within the recycle column has been found to be essential to the

climination of thermal polymer, since the high distillation temperatures necessary to achieve
adequate fractionation between the similar boiling compounds separated therein causes the
formation of a substantial portion of the total thermal polymer formed within the distillation
system as a whole. Indeed, with conventional processes, approximately 80% of the total

15 thermal polymer formed is attributable to the recycle column. Accordingly, in the preferred
embodiment, the portion of tar recycled is recycled to at least the recycle column, and
preferably into the lower regions of the recycle column in order to provide a locus of inhibitor
distribution which corresponds to the distribution of ethylenically unsaturated monomer
thercin. Optionally, additional tar may be recycled for addition back into the distillation

20 sysiem at other points, such as, for example, back into the first fractionation column.

One convenient method by which the tar may be recycled back into the distillation

system is simply by incorporating the tar into an incoming feed of monomer or inhibitor. The

]
1,2



di stribution which corresponds to the distribution of ethylenically
unsaturated nononer therein. Optionally, additional tar may be recycl ed
for addi Wwonzkmek into the distillation 20 system at ot hepCposSaH919such as,
for exanple, back into the first fractionation colum. One conveni ent

met hod by which the tar may be recycled back into the distillation system
is sinply by incorporating the tar into an incom ng feed of nononer or

i nhibitor. The WD 02/33025 PCT/ US01/ 31919 anount of tar which is recycled
back into the distillation systemrelative to the anpunt of Iced mm

conpri sexnanyt désir mailhe s srvpolat! bagk ndy derdisimiplion sysfont giatpedy dicgmgunt of gf&‘t] ease
the loading of inhibitor within the distillation system However, |arger
amount s 19]:1)7 E@ﬁprﬁﬁe‘%ﬁ(@'d@simﬂld adb@Q. Allngeeasaunt hetay alcyoe vofl ibotdsons: loadiegi al ,
and the anmount of tar recycle will necessarily he 5 constrained thereby.

The hi gh 0 uléi:b%t%;r OMBINEAGPHABMCE s 1 gg‘i&%, fak Qmuﬁﬁiﬁlllgioﬂ:irlrk%tci&ﬂillaeﬂmr at us

w | | ge%ép contal n above about % and typically above "about 99% by
wei ght ethylenically unsaturated.non r, depending upon the ultinate use.
The bot t @Rt GEER MR COHRTAIMPICTE 1%}@35? éenwaﬁ@# P“ér%yﬁﬁd?”é‘t'%cﬁsé%f‘%%?orrer
and unspent inhibitor. This fraction is wwthdrawn 10 fromthe distillation
appar at usorkonintditlchedly. processing. In one particularly preferred enbodi nent

of the present invention, a portion of the bottonms product, containing

substantial apoHRhHuAly &erksepidduct Pithdiatvarfon therdetilatied appmatintilbduct i on
into the distillation apparatus, The recycled portion of the bottons

product mm added to t 51 | 19y ARRALALUSHOBY LA s HYeTRA knewn to
t hose sk%@%&ﬁﬁﬁW“EWémgw ?Bﬁgsi/iggtﬁﬁggg¥e obt a ned bygadg?ng ?heu}egycled
15 portion at a location in the dish%hhation appar.at us mhi@h eld a

will i
i str i bubRsHIraiRd PIAPBE G PTRIEIPEA MR BEL Wi hHe SRS PR “8Fefbnomer
therein. By recycling the inhibitor- containing bottons, the inhibitor may
thus be pelyseec nateidiumgistiHed etopomesighifspedmhibisdubis dirctiphispEdsivtess
requi renents for inhibitor.
10 from the distillation apparatus for further processing. In one particularly preferred
embodiment of the present invention, a portion of the bottoms product, containing substantial
amounts of re-useable inhibitor, is recycled for introduction into the distillation apparatus.
The recycled portion of the bottoms product may be added to the distillation apparatus by any
method known to those skilled in the art. Best results are obtained by adding the recycled
15 portion at a location in the distillation apparatus which will yield a distribution of inhibitor
which coincides with the distribution of monomer therein. By recycling the inhibitor-
containing bottoms, the inhibitor may thus be reused, accruing thereby a significant reduction
in the process requirements for inhibitor.

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

20 apparent from the following examples.



The advantages and the inportant features of the present invention wll he
nore 20 apparent fromthe foll owm ng exanples. 34 WO 02/ 33025

PCT/ USO1 M0 843B02EXAMPLES Procedure for Dynam c Reboil er TReT/US#tt19Peed
Shut-Of Preparation of Feed Solution. T-Butylcatechol (TBC) is renoved
fromcomercially available styrene by distillation 5 under vacuum

Renoval of TBC is verified by caustic titration. The desired anount of
inhibitor(s) is added to this TBC-free styrene either directly or by first
maki ng a concentrated solution of the inhibitor in TBC-free styrene
followed by further dilution with TEBEXAMELEStYrene. Procedure for Reboiler
Test under Anbient Conditions. 10 A quantity of the Feed Solution

cont ai ni ng i nhi bi torp &)Qt(ﬁm)l()pi)ghsﬁlcfdﬁﬂ) l?ﬁq "lcch?{v%ﬁ Fc(:ﬁk%rj 7S, @ W/t

total inhibitor to styrene) Is 0 a round-bott (the "Pot")
and heat d to the sired tenperature (usually 116C) and brought to reflex
by adjustﬁﬁaatﬁ@"‘ﬂq§ gﬁvéggunt Cnce(the Po¥ conténts are at

tenperature, a continuous streamof fresh Feed Solution is begun at a rate
that will add t-Ratxietteshel 0B¢He r¢mevdddrorpeemasraaliyorvailable higrePetbyiBstdagon a
period of tinme called the residence tine (typically one hour). At the sane
t i me 5t hatuntitrevachines R cheed! GBI i overfflcavibyl @uhiegumtiohh@hBatdi easnBfuheam f | ow
is al so begun. The Bottons Streamis solution in the Pot that is renoved

at the SaAMbRG( S idsdddaao ﬁlf1§$ﬁd:§@éjst§t‘%h9%h}%? d'lréctl)ﬁéjrqgfjﬁrstrg‘?klﬁﬁ’a%lonéén?r%d()f

feed and Bottons streans cause the quantlty in the tore const ant

over t.he. %)M{r%n Eﬂ% th%xtgr 1rn|"lrf?C?tfrees r&né OL we(?gy ftﬁﬁticb{jlx?l%roil \%i?lg]lﬁ?eﬁhnem of

20 i nhi bi ocedure similat es “n a

dlstlllatlon train of a pl ant
styrene.

Procedure for Reboiler Test under Ambient Conditions.

10 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 continuous stream of fresh
Feed Solution is begun at a rate that will add the volume of the initial Pot solution to the Pot

15 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 of 'eed and Bottoms streams cause the quantity in the Pot to remain
constant over the time of the experiment while allowing continuous replenishment of

20 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 hourly from the

Bottoms Stream. These samples are analyzed for polymer content via the methanol turbidity
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produci ng vinyl nononers. The experinent continues with flow in and out of
the Pot for a specified period of tinme, typically seven hours. Sanples are
col | ecteavdousiogsfromthe Bottons Stream These sanpl es BewUanailywed f or
pol yner content via the methanol turbidity ;5 W 02/33025 PCT/ US01/ 31919
met hod. The anount of polynmer in the sanples is an indication of
effectiveness ofthe inhibitor being tested, The | ower the anmount of polyner
in the hourly sanples, the nore effective the inhibiting system should be
during normal operation of a continuous manufacturing or purification
process. Belhed shivuirdotd ohookdet Hathe shapieetshranollicotinmb (dilfeyt yaetvod thor

pol ymer analysis usually involves absorbance readings at 420 nm W have
found t hahhibpoebd@hmickicds daaidvdes dmavet odpsiormdanc@s hbhat sdnfiler, flerngom t h

pol ymer analysis at this wavel ength. Thus, in many instances, polyner was

quant i fi eg.ahy S0 Mg 585 Aot Be AMin Pﬁ&%ﬁ\@H{)q G o e hEusTESt Wi th
0 Th h hat" under a

. . , d
Air Injection 1 IS procedure Is the sane as at I ent

conditiOQ§m§1%$B%];QaHI§b%g§ %B&; ing tube is inserted into the contents
of the POYTAIT"TE T ELF Y I HP6Ugh this sparging tube at a rate of 6
cc/m.n throughout the test. Procedure for Reboiler Test with Argon

| nj e€tion Thi 4! prokebupeed tha the nacibanoh &irbidy medensk forpely miat aesbyrdy wsuehs

except that argon gas is 15 sparged through the Feed Solution and the
appar at usnatlvé abspuphmcefreadidgs aritAlines Weihove foand HeatimgCtitigofRahilinehhowghout
the remai nder of the test, argon is injected into the contents of the Pot
via a spabgirBshdesbfit alterfert i@ pRfynferG@ARER aMbid Rad@ghe erthuSoinUbd B Nink@nces,

mai nt ai ned under an argon bl anket. 36

polymer was quantified at 600 nm instead of 420 nm.
Procedure for Reboiler Test with Air Injection

10 This procedure is the same as that under ambient conditions except that a gas sparging
tube 1s inserted into the contents of the Pot. Air is injected through this sparging tube at a rate
of 6 ce/min throughout the test.
Procedure for Reboiler Test with Argon Injection

This procedure is the same as that under ambient conditions except that argon gas is

15 sparged through the Feed Solution and the apparatus at 6 cc/min for 15 minutes prior to

heating the Pot. Throughout the remainder of the test, argon is injected into the contents of

the Pot via a sparging tube at a rate of 6 cc/min while the Feed Solution is maintained under

an argon blanket.
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WO 02/ 33025 PCT/US01/ 31919 Procedure for Feed Shut-Of At the end of the
Reboil er Test Run (typically seven hours), a sanple is collected from the
Bott ons Sv@eumo02Thi s sanpl e corresponds to Feed Shut-Of BCTESE/A91 nut es.
The flows of fresh Feed Solution and Bottons Stream are stopped. The vacuum
and tenperature 5 are nonitored and adjusted to nmaintain boiling at the
desired tenperature of the experinent. |If gas injection is being used, the
injection of gas(es) is continued at the designated rate throughout feed
shut-of f, Sanples are periodically renoved fromthe Pot (typically every

five mnyt8sddurdt6spcSPORLES@ar e anal yzed for polymer content via the
nmet hanol turbidity nmethod. A longer period of tinme before initiation of

significant pol r formation is.an 4 ndication 1( re.etfective .
Cnhibiting systanmt 617 REms e OBty Bl A SIINE id &FRLLE from
Additional ]y, the |ower _the polynmer nunber_at a s ific length of tine
after feedh@RattossFirciiRe Thisrsamelt@resRaads fon*eeidr‘?r\]i“bﬁng‘“?y:éf)éﬁf“‘é‘F&per‘?/i di ng
protection for that length of tinme. The results of experinments show ng the
i nproved ifhhishiftiiesh Feedbdldédn byd Bhidomps Blsemt areistnpppd.i 6he ercoushovnenperaig es
1 through 7. In these tables, the follow ng abbreviations apply: 15 NA-I

I's N phenyic AroRitéfasanijuiae (dNAaididis boiling at the desired temperature of the experiment.
N- (1, 4-di net hyl pentyl)-4-nitrosoaniline DNBP is

yi i'dene- 2, bEG: TLErt BATIETeoREVISS SR 0GRt b copnusda e fslepaigd sls renma
QU0 18 N el il o N aRhRyal o1 M AgEYE) ONea Fofh e TPy B A e
N-phenyl -N - (1, 4-di met .hyI Bent‘yl ) - par a- phenyl enedi am ne. Naulgard 1-31is a
bl end of PDAukad Dipsamples areanalyzed for polymer content via the methanol turbidity method.
A longer period of time before initiation of significant polymer formation is an indication of a
10 more effective inhibiting system in the event of a loss of feed in the plant. Additionally, the
lower the polymer number at a specific length of time after feed shut-off, the more effective
the inhibitor system at providing protection for that length of time.
The results of experiments showing the improved inhibition provided by the present
invention are shown in Tables 1| through 7. In these tables, the following abbreviations apply:
15 NA-1 is N-phenyl-4-nitrosoaniline
NA-2 is N-(1,4-dimethylpentyl)-4-nitrosoaniline
DNBP is 2,4-dinitro-6-sec-butylphenol
QM is 4-benzylidene-2,6-di-tert-butylcyclohexa-2,5-dicnone
20 nitroxyl is 4-oxo-TEMPO.
QIO is N-acetyloxy-N’-phenyl-1,4-diiminocyclohexa-2,5-diene.
DEHA 1s N.N-dicthylhydroxylamine.
PDA is N-phenyl-N"-( 1 4-dimethylpentyl)-para-phenylenediamine.

Naugard [-31 is a blend of PDA and DNBP.
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37 WD 02/33025 PCT/US01/ 31919 CQuinone is 2,5-di-tort-butyl -

, 4- henzoqui nonc. | lydrocluinone |Is
2,5-cli-twov2/s3oestyl-1,4-1iy(il-Q(JLIilTIOIlle, Table 1. CeebURa@rilers of

Ni trosoanilines with Quinonenethides 5 Polynmer neasurenents taken at 420
nm runs nmade under anbient conditions Wight Percent Polynmer Exanple

I nhi bitor Dosage At steady 40 min. after Nunber System (ppm state feed
shut-off 10 1 QM 250 1.09 1.52 2 NA-2 250 0.033 4.35 3 NA-2/ QM 100/ 150
0.002 0.51 4 QM 500 0.33 0.59 5 NA-1 500 0.062 0.032 15 6 NA-1/QV 250/ 250
0.014 0. oeﬁinoﬁsiscamb@crseermﬂmqrfherxlarrmines 2 and 5 of Table 1, the
C-nitrosoanilines NA-1 and NA-2, are very effective inhibitors at steady

state. Simn@nd 6 e fahl e . ishawuthat, the 20 combination of
nrtrosoanr 5@ gng qurnéneﬁe?%} de g?vegufhe preferred conbi nati on of highly

effective steady st at erfor | | ent tection in case
] 2
Of | 0SS Of f eed gl V?I}]HL g(g)mnﬁl‘l onao r?so ani mcs “X‘V\&l”n nemeﬂbgt t er t han t he

per f oy mance obt ai n%shyrrrr%sarcrnbﬁrmmnp@rmmms%rE%QJ rnbleﬁ%m\é@oQ /33025

PCT/ US01/ 31919 Tabl e nbi nat 1 ons rosoanhwéﬁﬁﬁi%mt %;roxvls
Example Inhibitor Dosage At steady 40 min. after
Number System {(ppm) state feed shut-off
10 ! QM 250 1.09 1.52
2 NA-2 250 0.033 4.35
3 NA-2/QM 1007150 0.002 0.51
4 oM 500 0.33 0.59
5 NA-I 500 0.062 0.032
15 6 NA-1/QM 250/250 0.014 0.045

As can be seen from examples 2 and 5 of Table 1, the C-nitrosoanilines, NA-1 and
NA-2, are very effective inhibitors at steady state. Examples 3 and 6 of Table | show that the
20 combination of nitrosoaniline and quinonemethide gives the preferred combination of highly
cffective steady state performance along with excellent protection in case of loss of feed,
giving a combined performance which is better than the performance obtained from either

component by itself.
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Pol ymer measurenents taken at =120 nm runs nade under anbi ent conditions
Wei ght Percent Pol ynmer 5 Exanpl e |Inhibitor Dosage At steady 40 mn. after
Nunmber Sye0ensjoppn) state feed shut-off | nitroxyl 150 OPODHSW/BID
nitroxyl 100 0.002 2.7 10 3 nitroxyl 75 0.003 2.9 4 nitroxyl 50 0,002 3.9
5 NA-1 250 0,014 1.54 6 NA-1/nitroxyl 200/50 0.012 0.53 7 QO 250 0.53
2.5 15 8 Qdnitroxyl 200/50 0.021 1.3 9 NA-2/DNBP 85/150 0.093 0.51 10

ni troxyl/ NA-2/ DNBP 8/ 75/ 150 0.065 0.51 11 NA-2/DNBP 75/200 0.049 0.37 12
ni troxyl/NA-2/DNI 3P 10/ 50/ 200 0.043 0.22 20 13 NA-2/DNBP 100/200 0.017 0.36
14 nitroxyl/ NA-2/ DNBR M}d 75¢ 8R®; rprtQJa’\sopNgi@()wE)ﬁﬁmL S§thiNdtbdof Tabl e 2

indicate the effectiveness of nitroxyls as |nh| bltors As 25 stated

previously, this q gl’l'ﬂ£ y}ﬁ%uun%xqt[ Rki}{'lrsx"b my\ﬁJls me Lun T makgvspxmnfop;%/\e have found

that a dosage of [ess ppmin this st & B8 Serd ASH L.cient
protegti opyandd theydgst, becorres unst apl&, and ung iyt O rug;bm1 d: dit i onal I Y,
even at dQsages of 100 pp)mcl,,n this test, }Fu Rnot ect i apud n fee reShWLi- 9
is mnimal. Thus, addition of a snall amount of n| troxyl (i.e., 50 ppm or
less) in this test wowyl not be expectedsit o provi depesi gnifi ca_glt enhancenent
to feed 2 nitroxyl 100 0.002 2.7
10 3 nitroxyl 75 0.003 2.9
4 nitroxyl 50 0.002 3.9
5 NA-1 250 0.014 1.54
6 NA-1/nitroxyl 200/50 0.012 0.53
7 QIO 250 0.53 2.5
15 8 QIO/nitroxy! 200/50 0.021 1.3
9 NA-2/DNBP 85/150 0.093 0.51
10 nitroxyl/NA-2/DNBP 8/75/150 0.065 0.51
[ NA-2/DNBP 75/200 0.049 0.37
12 nitroxyl/NA-2/DNBP 10/50/200 0.043 0.22
20 13 NA-2/DNBP 100/200 0.017 0.36
14 nitroxyl/NA-2/DNBP 10/75/200 0.013 0.26

Examples 1 to 4 of Table 2 indicate the cffectiveness of nitroxyls as inhibitors. As
25 stated previously, this quality of nitroxyls is well-known. However, we have found that a
dosage of less than 50 ppm in this test provides insufficient protection, and the test becomes
unstable and unsafe to run. Additionally, cven at dosages of 100 ppm in this test, the
protection in feed shut-off is minimal. Thus, addition of a small amount of nitroxyl (i.e.,
50 ppm or less) in this test would not be expected to provide significant enhancement to feed
30 shut-off performance. However, significant enhancement in feed shut-off performance is
obtained when 50 ppm of nitroxy!l is added to a C-nitrosoaniline (compare examples 5 and 6)
or to a quinoneimineoxime derivative (compare examples 7 and 8). Furthermore, examples
9-14 show that addition of 10 ppm or less of nitroxyl to blends of C-nitrosoaniline and
nitrophenol, where the total dose of the tri-blend is even less than the comparative dose of the

35 C-nitrosoaniline and nitrophenol alone. provides better performance at steady state and equal



30 shut-off performance. However, significant enhancenent in feed shut-off
performance is obtained when 50 ppmof nitroxyl is added to a

C-ni trosoe@dt/B3ees (conpare exanples 5 and 6) or to a qui nPERURIIEBEON e
derivative (conpare exanples 7 and 8). Furthernore, exanples 9-14 show
that addition of 10 ppmor less of nitroxyl to blends of Cnitrosoaniline
and nitrophenol, where the total dose of the tri--blend is even | ess than
t he conparative dose of the 35 C-nitrosoaniline and nitrophenol al one,
provi des better performance at steady state and equal 3 O WD 02/33025
PCT/ USO1/ &3R4S e fop@hh&s inperd MurBneR ébidig@dhs ttmafific bhans obt aiingdalyiné he
basel ine bl ends of C-nitrosoaniline and nitrophenol alone. Table 3:
Cowblnat|0ﬂsltr h5f9§ anilines with Air 5 Polynmer measurenents taken at
420 nm Wi h} ercen{ ol ymer Exanpl e I nhibitor Dosage At steady 40 mn.
after Nunber Systen1(ppn) state fee shut-off 1 argon i njection
250 0.001 1,05 2 NA-2 'bf% \qlﬂ’ﬁ“i’ Dilgopsni T‘gg‘p}“&f\ 2. argon
|nject|on 100 0.04 3. 4 4 hwvz; alr i njection 250 0.002 O. 008 5 NA-2; air

i nj ection 100 O. 001 2.4 15 6"NArneahEmiR et '¢A" 50 0.002 1.9 7 NA-2: air
injection 25 0.021 2.9 The exanples in Table 3 shKM/T%%f”%?H“VPb oani | i nes
are h|gh|§“@?¥ect|v@]ﬁﬁﬂlbltors 20 undBr¥Hot 5$ﬂ@:qt 1R cmhgakﬂand

anaer obi cM{"™¥Gon i nj ecti BN condi ti ons. Fbme&@?”
10 I NA-2; argon injection 250 0.001 1.05
2 NA-2; argon injection 150 0.024 295
3 NA-2; argon injection 100 0.04 3.4
4 NA-2; air injection 250 0.002 0.008
5 NA-2; air injection 100 0.001 24
15 6 NA-2; air injection 50 0.002 1.9
7 NA-2: air injection 25 0.021 2.9
The examples in Table 3 show that C-nitrosoanilines arc highly effective inhibitors
20 under both aerobic (air injection) and anacrobic (argon injection) conditions. However, the

performance of these C-nitrosoanilines in the presence of air is significantly improved in both
steady state and feed shut-off conditions (compare example 3 with examples 5, 6, and 7). To

our knowledge, this behavior of C-nitrosoanilines has not been previously reported.
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performance of these C-nitrosoanilines in the presence of air is
significantly inproved in both steady state and feed shut-offconditions
(compar e vecazpdoes 3 with exanples 5, 6, and 7). To our KknP@l/@a@e319t9hi s
behavi or of C-nitrosoanilines has not been previously reported. 40 WO

02/ 33025 PCT/ USO1/ 31919 Table 4: Conbinations of Nitrosoanilines with

Ni troaromati cs Wi ght Percent Polynmer 1;xanple Inhibitor Dosage At steady
410 mn. alter 5 Nunber System (ppnm) state teed shut-oft™ Pol yner anal ysis
made at 420 nm anbient conditions | DNBP 250 0.43 0.90 2 NA-2 250 0, 033
4.35 3 NA-2/ DNBP 1128125 (Bn@ifiaBo182 NIt s ONBIth &OGit 1D N2k o oddatic® NA-1 500
0.062 0.03 6 NA-1/DNBP 250/250 0.008 0111 Polyner analysis nade at 600
rim50 mn, after feed shut-off 15 7 DNBP 250 039 §.i80 r& . NArAsme@r gon

i nj ecti onC2BI0001 HhdBor 9 NA-2; argon ibpRjgeti on JL\G)QQ;QY 04 3.408in. 10,

NA- 2/ DNBPNuabqgon i nj ect i omsteb©0/ 150 0. 007 0, 65ppnhl DNBP; si@i r i nj eGhi 9mi-&50
0.20 0.51 20 1DoiNper2nalgismailngtdetinonm@60c@d002 0, 48

! DNBP 250 0.43 0.90
2 NA-2 250 0.033 4.35
3 NA-2/DNBP 1257125 0.011 0.82
10 4 DNBP 500 0.21 0.40
5 NA-1 500 0.062 0.03
6 NA-1/DNBP 250/250 0.008 0.11
Polymer analysis made at 600 nm 50 min. after
feed shut-off
15 7 DNBP 250 0.39 0.80
8 NA-2: argon injection 250 0.001 2.06
9 NA-2; argon injection 100 0.04 3.98
10 NA-2/DNBP; argon injection 1007150 0.007 0.65
11 DNBP; air injection 250 0.20 .51
20 12 NA-2: air injection 250 0.002 0,48
13 NA-2; air injection 100 0.001 3.53
14 NA-2; air injection 50 0.002 3.2
15 NA-2/DNBP; air injection 1007150 0.001 0.24
16 NA-2/DNBP; air injeciion 30/150 0.001 0.24
25
The examples in Table 4 show that the combination of a C-nitrosoaniline and a
nitroaromatic compound provide enhanced performance over either component alone under
ambient (dissolved air only), anaerobic (argon injection), and acrobic (air injection)
30 conditions.
Comparing Examples 1 through 3 and Examples 4 through 6 under ambient conditions,
Examples 7 through 10 under anaerobic conditions, and Examples 11 through 16 under
aerobic conditions, it is seen that combining a C-nitrosoaniline and a nitroaromatic compound
gives the preferred combination of highly effective steady siate performance along with
35 excellent protection in case of loss of feed, which is better than the combined performance

obtained from either component alone when run under the respective ambient. anacrobic. or

acrobic conditions.
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13 NA-2; air injection 100 0,001 3,53 14 NA-2; air injection 50 0.002 3.2
15 NA-2/DNBP; air injection 100!150 0,001 0,24 16 NA-2/DNBP; air injection
50/ 150 000Q0D3P2s 25 The exanples in Table 4 show that theCTOR/IIALY on of a
C-nitrosoaniline and a nitroaromatic conpound provi de enhanced performance
over either conponent al one under anbient (dissolved air only), anaerobic
(argon injection), and aerobic (air injection) 30 conditions. Conparing
Exanpl es | through 3 and Exanpl es 4 through 6 under anbient conditions,
Exanpl es 7 through 10 under anaerobic conditions, and Exanples | | through
16 under aerobic conditions, it is seen that conbining a Cnitrosoaniline
and a nitroaronat iE“lééﬁbcﬁlﬁﬂi"'ﬂFWéﬁ"{'Hé"‘p“r"é'ﬁé'r"rcéﬁ"‘éldr'm?'h’al’i"@n"m‘ hi ghl y
effective steady state performance along with 35 excellent protection in
case of |oss of fekdymuphiceheinsiibelehertlp hanutshedcontitnediopendiot@ance

obt ai ned from ei ther conponent al one when run underWtibe 'rregpedticve anbi ent,
anaer obi cExgple aer ob¥itdondi tions. 41 WO002Y 33025 APETHYS01/ 31910:licTabl e 5:
Conbihat i DHEP®Hf* Nit roso&HE nes with Il vdr od0ilani ncs oot ymer  feed shut-off
rncasurcnents taken at 600 nm .runs made under conditions indicated Vi ght
Per cent PoEyrrer Ex ﬁﬁf@“%%ﬁfi”ﬁi“f”br Dosagg At steady =10 nrin %%tter 5

A2 argoncinjeciio 250 . 0.001 F o A
l;lugger Sys em (ppm Nﬁh%lzé-l/t;ea)regon lgnpclélttlo-nOff ]2'5/15).‘!"JI -IA O.%%?)gon Inj ?é}ﬁl on 250 1.3
- VY10 4 DEMHA: air injection 250 <0.001 0.005
5 NA-2; air injection 250 0.002 0.485
6 NA-2/DEHA; air injection 1257125 0.001 0.001
The examples in Table 5 indicate that the blend of a C-nitrosoaniline with a
15 hydroxylamine provide equivalent or better performance than either component alone at the
same total dosage in both steady state and feed shut-off tests under both anacrobic (argon
injection; Examples 1-3) and aerobic (air injection; Examples 4-6) conditions.
Table 6: Combinations of Nitrosoanilines with Phenylencdiamines
20 Polymer measurements taken at 600 nmy; runs made under air injection conditions
Weight Percent Polymer
Example Inhibitor Dosage At steady 40 min, alter
Number System (ppm) state feed shut-off
25 I Naugard 1-31 500 0.024 0.16
2 NA-2 50 0.002 1.9
3 NA-2/Naugard 1-3 1 50/375 0.002 0.14
4 NA-2 25 0.021 29
5 NA-2/Naugard 1-31 25/450 0.009 0.11
30 6 PDA 250 0.006 2.6
7 NA-2 250 0.002 0.008
8 NA-2/PDA 125/125 0.001 0.000
Examples 6-8 of Table 6 show that combination of a C-nitrosoaniline and a
35 phenylenediamine provide better performance than cither component alone at the same total

dosage in both steady state and feed shut-ofT tests. IIxamples 1-5 of Table 6 show that
addition of just a small amount of C-nitrosouniline to a blend of nitroaromatic and

phenylenediamine provides a tri-blend with the preferred combination of highly effective
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2 NA-2; argon injection 250 0.001 2.06 3 NA-2/DEHA; argon injection

125/ 125 0.003 1.45 10 4 DEFIA: air injection 250 =0.001 0.005 5 NA-2; air

i njecti ow@bn329002 0.485 6 NA-2IDEHHA; air injection 12BCT/RS01%1901 0. 001
The exanples in Table 5 indicate that the blend of a Gnitrosoaniline Wth
a 15 hydroxyl am ne provi de equi val ent or better perfornmance than either
conponent alone at the sane total dosage in both steady state and feed
shut -of f tests under both anaerobic (argon injection; Exanples 1-3) and
aerobic (air injection; Exanples 4-6) conditions. Table 6: Conbinations of
Ni trosoani|ines w th Phenyl enedi am nes 20 Pol yner neasurenments taken at
600 nm rdiabnee PGHaBROEER plang widh Pen!ledmartedtongn cneidhess PéfiednthiPollymer
Exanpl e I nhi bitor Dosage At steady 40 mn, after Number System (ppm state
t eed shut ngfdaro@BicipiNavigard:ubad1b1&Q0c0)0R4 povid: AoiNAc2eba adhi @02 tdiaRiosdpe.

NA- 2/ Naugard 1-31 50/375 0.002 0,14 4 NA-2 25 0.021 2.9 5 NA-2/Naugard
1-31 25/ 450 01088 2. AdmBh8ioBPAr 2&Q o @Hfc< whih (Buhlﬁfn%s %5@1@1199%:@0 958 8
NA- 2/ PDA 125/ 125 0.001 0. 006 Exanples 6-8 of Table 6 show that conbination
of a € nitrosoaniline and a 35 phenyl enedi arni ne pravi.de.Ret bqrnper f or mance

t han eit h&kanganponenthitabone at the sane pgoedgal Al steady 40 min. after
Number System {ppm) state feed shut-off
Polymer analysis made at 420 nm, ambicnt conditions
1 Quinone 300 3.98 430
10 2 NA-2 250 0.033 4.35
3 NA-2/Quinone 75/200 0.02 1.5
Polymer analysis made at 600 nm
4 Hydroguinone 300 2.77 6.60
5 NA-2; argon injection 100 0.040 3.40
15 6 NA-2/Hydroquinone: 75/175 0.083 2.49
argon injection
7 NA-2; air injection 100 0.001 2
8 NA-2/Hydroguinone: 75/175 0.002 041

air injection
20
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 the invention,
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dosage in both steady state and feed shut-off tests. Exanples 1-5 of Table 6
show that addition of just a small amount of C--nitrosoaniline to a blend
of nltroavebmbioex and phenyl enedi am ne provides a trl -bl rpaOUSIIII%Ne
preferred conbination ()f highly effective 4-1 WO 02/ 33025 PCT/ US01/ 31919
steady state performance along Wth excellent protection in case of |oss of
fccd which the nllroaronnatlc/phenyl enedl arnl ne bl end coul d not provide

al one. even at a higher total dosage, Table 7: Conbi nations of

Ni trosoanilines with Quinones and Il ydroqui nones 5 Wight Percent Pol yner
Exanpl e I nhibitor Dosage At steady 410 min after Number System (ppm state
feed shut-off Polymer analysis made @MY% nm anbient conditions 1

Qui none 300 3.98 =1.30 10 2 NA-2 250 0.033 4.35 3 NA-2/Quinone 75/200
0.02 1.5 WPRaliymemaha! ysi s made at 600 nrn 4 1-1ydroqui none 300 2.77 6.60

5 NA-2; argon injection 100 0,040 3.40 15 6 NA-2/1-1ydroqui none; 75/175
0.083 2.49 argantidi etindftidg My Zemaufe pol86t4200n $0SHh0ARA 2 ufkatBated

NA- 2/ 1- 1 ydr oqui none; 75/ 175 0.002 0.41 air injection 20

2 monomers comprising adding to said monomers an effective amount of at least one inhibitor
3 selected from the group consisting of C-nitrosoantline and quinone imine oxime compounds.
1 2. The method of claim | wherein the inhibitor further comprises at least one additional
2 compound selected from the group consisting ol quinone alkides, nitroxyl compounds,

3 nitroaromatic compounds, hydroxylamine compounds, phenylenediamine compounds,

4 quinone compounds, and hydroquinone compounds.

I 3. The method of claim 2 wherein at least one additional compound is a nitroxyl

2 compound.

1 4. The method of claim 2 wherein at least one additional compound is a nitroaromatic

2 compound.

1 5. The method of claim 2 wherein at least one additional compound is a quinone methide
2 compound.

I 6. The method of claim 2 wherein at least one additional compound is a quinone

2

compound.
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In view of the many changes and nodi fications that can be made w t hout
departing fromprinciples underlying the invention, reference should be
made to Weozppended clainms for an understandi ng of the BCDP801E19t9%he
protection to be afforded the invention. 43 WO 02/ 33025 PCT/US01/ 31919
CLAIMS What is clained is: 1 1. A method For inhibiting the premature

pol yneri zation of ethylenically unsaturated 2 nononers conprising adding to
sai d nononers an effective amount of at |east one inhibitor 3 selected
fromthe group consisting of Cnitrosoaniline and qui none M| ne oxine
conpounds. 1 2. The nethod of claim1 wherein the inhibitor further

conprii ses7at | €asincond oddihi2ongtrcin2it ponpounddisiehdcbegofindm:t Ihelrgnaume

consi sting of quinone al kides, nitroxyl compounds, 3 nitroaromatic
conpqyndstmﬂMqhgxylarnine conpounds, phenyl enedi am ne conpounds, 4 qui nhone
conpounds, and hydroqui none conpounds. 1 3. The nethod of claim2 wherein
at | east one additional conpound is a nitroxyl 2 conmpound. 1 4. The nethod
of claim2 wherein at |east one additional conpound is a nitroaromatic 2
compound. 1 5. The method of claim?2 ggerein t. | east one additional .
conpound Ps a 4lF HsHe R ehiad whergigib sigpicpne i Tontlé OBPHBA ot Mk A mine
wherein at | east one additional conpound is a quinone 2 conpound. 44 WO
02/ 33025 RgIpd8dl/ 31919

1 9. The method of claim 2 wherein at least one additional compound is a

-]

phenylenediamine compound.

| 10. The method of ¢laim | carried out in the presence of oxygen.

l 1. The method of claim 2 carried out in the presence of oxygen.

1 12. The method of claim 1 wherein the inhibitor is a C-nitrosoaniline compound.

I 13.  The method of claim 12 wherein the C-nitrosoaniline compound is N-phenyl-4-
2 nitrosoaniline.

| 14. The method of claim 12 wherein the C-nitrosoaniline compound is

b

N-(1,4-dimethylpentyl)-4-nitrosoaniline.

1 15, The method of claim 2 wherein the inhibitor is a C-nitrosoaniline compound.

.
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1 7. The nethod ofclaim2 wherein at | east one additional conpound is a
hydr oqui none 2 conpound. 1 8. The nethod of claim2 wherein at |east one
addi ti onavoewsyeeiind i s a hydroxylarnine 2 conpound. 1 9.prUTnh®semdibrd of
claim2 wherein at | east one additional compound is a 2 phenyl enedi am ne
compound. 1 10. The nethod of claim| carried out in the presence of
oxygen. 1 1 1. The nethod of claim2 carried out in the presence of
oxygen. 1 12. The nmethod of claim 1l wherein the inhibitor is a
C-nitrosoaniline conpound. 1 13. The method of claim 12 wherein the
C-nitrosoaniline compound is N-phenyl-4- 2 nitrosoaniline. 1 14. The net hod
of cl & m 12. wheleimetbdhkol@init Fosbanid thne'-ciatpouitheicdempdund is N-phenyl-d-
N-(1,4-(limethyl pentyl)-4-nitrosoaniline. 1 15, The method ofclaim 2

wher epn t h@résalmibhé,or is a G nitrosoaniline conpound. 45 WO 02/33025

PCT/ USO01/ 31919 16. The met hod of claim 15 wherein the (U nitrosoaniline
conpound is N-phenyl-4- 2 nitrosoanilinc. |IT The nmethod of claim 15 wherein
the C-nitrosoaniline conmpound is 2

"N-(1,4-(1i,met hyl pent -4-nitrosoani|ine. 18 The nmethod of claiml |
wherein tHé in ilﬁi'TﬂC@F‘X{@d&“@-l |‘t"ﬁ‘8§6]a1h? P HEOYBRYBGREMPeUADIS The net hod of
claim 18 wherein the G nitrosoaniline conpound is N-phenyl-4- 2

ni t r odoaniN-{ htdimetbgpentig-4nmitragaindfnec] ai m 18 wherein the C nitrosoaniline
conmpound is N (1, 4-

I I8. The method of claim 11 wherein the inhibitor is a C-nitrosoaniline compound.

I 19. The method of claim 18 wherein the C-nitrosoaniline compound is N-phenyl-4-

2 nitrosoaniline.

1 20. The method of claim 18 wherein the C-nitrosoaniline compound is N-(1,4-

2 dimethylpentyl)-4-nitrosoaniline.

I 21 The method of claim 1 wherein the inhibitor is a quinone imine oxime compound.

] 22. The method of claim 21 wherein the quinone imine oxime compound i1s N-acetyloxy-
2 N"-phenyl-cyclohexa-2,5-diene-1,4-diimine.

1 23. The method of claim 2 wherein the inhibitor is a quinone imine oxime compound.

I 2¢h, The method of claim 23 wherein the guinone imine oxime compound 1s N-acetyloxy-

[

N™-phenyl-cyclohexa-2,5-diene-1 4-diimine.



2 di net hyl pentyl)-4-nitrosoaniline. 1 21. The nethod of claiml| wherein the
inhibitor is a quinone imne oxinme conpound. 1 22. The nethod of claim 21
wher ei n W@ ozgdordone i m ne oxi me compound i s N-acetyl oxy- PCT/US01/31919

N - phenyl -cycl ohexa-2, 5-di ene-1,4-diimne. 1 2?. The nethod of claim?2
wherein the inhibitor is a quinone imne oxinme conpound. 1 24. | he nethod
of claim23 wherein the gilinone Imne oxinC conpound Is N-acetyl oxy- 2 N
-phenyl cvclole m2,5 diene I A-di 1nil nc. WO 02/ 33025 PCT/US01/31919 1 25.
The method of claiml | wherein the inhibitor is a (luinone imne oxine
compound. 1 26. The nethod of claim25 wherein the quinone imne oxine
conpound B8 N-dbenylloxye! ciN Hphlenyin-lby whdhiox i« @jiferdiimesclgdmdicamipnend. 1 27.
A conposition of matter conprising: 2 A) an ethylenically unsaturated
nmonormer and 3 13) an effective inhibiting amount, sufficient to prevent
premature polynerization 4 during distillation or purification of said
ethyl eni cally ll“ﬂ@?rjr'cH{o@lF(#Qkriﬁ?%m@lﬁcrcmfth@ﬁui|1&§’:Si¥ni19.n§xi§m'cgm g[ntn(Pirs I\s—%ﬁﬁégg—
fromthe group consisting of C-nitrosoaniline and qU|nong I mne oxi
conpaynds,used toget her with an effective anount of oxygen or air to
enhaﬁge tRgﬁﬁhﬁ$6§f@Ea““¥%35f30%§§h%?m%aid inhibitor. 1 28. The conposition
of claim27 further conprising at | east one additional conpound 2 selected
fromthe group consisting of quinone al kides, nitroxyl conpounds,
nitroaromati ¢ 3 conpounds, hydroxyl am ne conmpounds, phenyl enedi am ne
conpoundsZ7.qui Aomenpeiipowhdsiiicr doraprakifgy dr oqui none conpounds. 47 WO 02/ 33025
PCT/ USO01/ 31919

2 A) an cthylenically unsaturated monomer and
3 B) an effective inhibiting amount, sufficient to prevent premature polymerization
4 during distillation or purification of said ethylenically unsaturated monomer, of at least one

i

inhibitor selected from the group consisting of C-nitrosoaniline and quinone imine oxime

6 compounds used together with an effective amount of oxygen or air to enhance the inhibiting
7 activity of said inhibitor.
| 28. The composition of claim 27 further comprising at least one additional compound

po

sclected from the group consisting of quinone alkides, nitroxyl compounds, nitroaromatic
3 compounds, hydroxylamine compounds, phenylenediamine compounds, quinone compounds,

4 and hydroguinone compounds.
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2V. A nmethod for distilling a feed conprising at |east one polyntriz,ahle
ethylenically 2 unsaturated nononer, said nethod conprising the steps of: 3
i nt roduciwgoz3oeed conprising at | east one pol ynerizabl c p€hyR@mies |y
unsaturated 4 nononer into a distillation apparatus; 5 introducing a

pol yneri zation inhibiting effective anount of at |east one inhibitor 6

sel ected fromthe group consisting of C-nitrosoaniline and qui none imne
oxi nt conpounds 7 into said distillation apparatus; and 8 distilling said
feed under distillation conditions in the presence of said inhibitor to 9
recover fromsaid distillation apparatus an overhead product of high purity
et hyl bni call y ronuHsdtior dtledingpiemeonamging o &sildwalpoboraronslefclladtiionlyhavi ng
a reduced content of polyneric | | material. 1 301 The nethod of C aim 29
wher et n t hesitmhicdirnhaeronfwr fihemedodpninpasnathd wasthi:one menber 2 sel ected
fromthe group consisting of qui none al ki des, nitroxyl conpounds,
nitroaromatic 3 GRARAUNGSe] BUARONY a«mﬂeoﬁomwmzslmcahm&k @ﬂgﬂh.émllnﬁ d
conpounds, qui none conpounds, 4 and hydroqui hone conpounds. The

nmet hogd of ¢J al 0 ng recycling a portion ofsald bottons 2
fract?on hé%ﬁﬂk??bosafﬁﬁdh& HFﬁnﬁan apparatus. 48 WD 02/ 33025
PCT/US01/31919. 1 32, A conposition of nolter conprisin 2 A at |east one
menbet sel ect edF4OH r%ﬁ@“gWBﬂbm€8H§ﬂ§?Pﬂécg?”@?aWPPdedgHPNﬁH%‘mEb%@hpounds
and qui none im ne oxide conpounds, and 4 13) at |east one nenber selected
from@he gtlodpd Gonsihseing @ﬁSIefmm@r{énardéD@ebne ang o itono Xyl necoupo uodgounds
nitroaromati ¢ conpounds, hydroxyl am ne conpounds,

7 into said distillation apparatus; and

8 distilling said feed under distillation conditions in the presence of said inhibitor to

9 recover from said distillation apparatus an overhead product of high purity ethylenically
10 unsaturated monomer and a residual bottoms fraction having a reduced content of polymeric
11 material.

I 30. The method of Claim 29 wherein the inhibitor further comprises at least one member
2 selected from the group consisting of quinone alkides, nitroxyl compounds, nitroaromatic

3 compounds, hydroxylamine compounds, phenylenediamine compounds, quinone compounds,
4 and hydroquinone compounds.

1 31, The method of Claim 29 further comprising recycling a portion of said bottoms

2 fraction back into said distillation apparatus.
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6 phenyl enedi am ne conpounds, qui none conpounds, and hydroqui none o
conpounds. 1 33. The conposition of matter of Claim 31 further conprising
at | east vomex/pobyneri zable 2 ethylenically unsaturated nPODESI1/31919

1 32 A composition of matter comprising:

2 A) at least one member selected from the group consisting of C-nitrosoaniline

3 compounds and quinone imine oxide compounds; and

4 B) at least onc member selected from the group consisting of quinone alkides,

5 nitroxyl compounds, nitroaromatic compounds, hydroxylamine compounds,

6 phenylenediamine compounds, quinone compounds, and hydroquinone compounds.

1 33. The composition of matter of Claim 31 further comprising at least one polymerizable
2 ethylenically unsaturated monomer.



