20 February 2006 WO 02/ 094763 PCT/ US02116168 METHODS AND COVPCSI TI ONS FOR
I NHI BI TI NG POLYMERI ZATI ON OF VI NYL MONOMERS FI ELD OF TﬂF 5§Bq§§ The -

_ present invention provides for nethods and conpositions for I'ting the
pol yneri zation of vinyl nononmers, such as olefins and diolefins.
BACKGROUND OF THE | NVENTI ON , CbnnDn I ndustrial nethods for rodu0|ng vi nyl
monomer s WOOREYE3  variety of purification processes §U?Wm%§ 16488t i 1 ati on
to renmove inmpurities. Purification operations are often carried out at
el evated tenperatures and this can increase the rate of undesired
pol yneri zation. Pol ynerization, such as 10 thernmal pol ynerization, during
t he nononer purification process, results not only in |loss of desired '
nmononer end-product, but also in production efficiency caused by pol yner
formation and deposition on process equi pnent. Undesirable polynerization
causes nmononer | oss, and may cause operational problens such as increase
in fluid viscosit t enper at ur tr| in. 15 pipelines. and bl ock
filters. In he@f-ﬂmﬁh%cw ﬁiﬁﬁ Baﬂﬁgimmﬂaﬁﬁwm affects -
heat transfer. efficiency. Typ| are stabilized with the
addi tion of substances which mnll act as inhibitors or retarders of
pol yneri zation. 20 Certain vinyl nononers such as the diol efins butadiene

and isoprene wll polynerize when Left in storage tanks and during
transport at i BHELED) OFt EHilp iNVMENTEIN as | ow as room tenperature. This

pol'ymeri zati on. "FheI grletsclar?ttiﬁ\genl%n provides for methods and compositions for

~ inhibiting the polymerization of \)inyl monomers, such as olefins and diolefins.

5 BACKGROUND OF THE INVENTION -

Common industrial methods for producing vinyl monomers include a

variety of purification processes such as distilfation to remove impurities.
Purification operations are often carried out at elevated temperatures and this
can increase the rate of undesired polymerization. Polymerization, such as

10 thermal polymerization, during the monomer purification process, results not

_ only in loss of desired monomer end-product, but also in production efficiency

caused by polymer formation and deposition on process equipment. -
Undesirable polymerization causes monomer loss, and may cause operational -
problems such as int:rease in fluid viscosity, temperature, restricted flow in

15 pipelines, and block filters. In heat requiring operations, such depoéition

adversely affects heat transfer efficiency.

Typically the monomers are stabitized with the addition of substances
‘which will act as inhibitors or retarders of polymerization. |

20 ‘ : .
Certain vinyl monomers such as the diolefins butadiene and isoprene

will polymerize when left in storage tanks and during transportation at
. temperatures as low as room temperature. This polymerization is initiated by
-1-




-1 20 February 2006 WD 021094763 PCT/ US02116168 reaction.of the diolefin

nononmer w th oxygen present in the nononer contai ni ng s V\}ﬁ_lﬁ ?(50%
reaction will form peroxides and free radical species eR"
perpetuate the reaction with the diolefin nononer. 5 Various approaches

have been d with regard to this problemof pol

Pat . Eﬂ?@%@ teaches that N, N dial kyl hydr oxyl am #@%ﬁél%nhl b| t the
pol yrrerl zat ion of popcorn polynmer formation in olefin nononer recovery
systens. In conparative studies, p- am nophenol was |ess effective than the

hydr oxyl am nes at inhibiting popcorn 10 polynmer formation. U. S. Pat. No.
6, 200, 461 teaches the use of conbi nations of am nophenols with

di al kyi hydr ox r S, Pat No. 3,342,723 tests
p- and o- ani nb(ga%{e@l%ﬁﬁhg dloq‘%}ﬁn%gg{ﬁgﬂ‘ﬁ’rﬂ e P(S‘?S%m‘&‘?é?wél i qui ds. These
conpounds pro«mdalefrfgesystewe Hiis rerdaﬂtlbm Wilnfarrh perdxade¥iindirecdidicapsih@ndson of
coke-1i ke depo uring refi ner(é operatlons 15 U.S. Pat. No. 5,510, 547

teaches that ¥ Jl?brY’ﬂ'i?Hea’lp? igthedeadion r@ﬁ@d’l‘(&?ﬁ’h@oﬁ@mﬁbund and a

hydr oxyl am ne conpound is effective at inhibiting the polynerization of

vinyl aromatic m%ué a%gfdra%ﬂeé)hé’\?ee@%r{‘&te ﬁ&'\é\ﬁth‘?@ ard tb Riis E@)tmemN%f

4,720, 566 teaches I nat1on am ne
phenyl enedi anpelgmedzatioond).&sPaf Nec3.i148,226 teadhebmatmgm he polynerization of

| | e ducti
gcr2y6ogl Eelt er%%ﬁ‘ymﬁwb'émp'{?%ﬁﬁﬁ n“ﬁ%%;ﬂ‘e Pﬁ'ymeé'%?/tl'o'}%fcﬁoé’ﬁf")" ROMBE st abl e free
radl cal s for foanatich inioMinf megorh@dicedlerP 8y 3taME| TiRtdRParativd SaalesVE-

_ _amlnophenoi was less effective than the hydroxylamines at inhibiting popcorn
10 polymer formation. U.S. Pat. No. 6,200,461 teaches the use of combinations
of aminophenols with dialkythydroxylamines or phenylenediamines. U.S. Pat.
No. 3,342,723 tests p- and o-aminophenois for inhibiting fouling of hydrocarbon
liquids. These compounds proved effective at inhibiting the formation and
adhesion of coke-like deposits dtiring refinery operations.

15
U.S. Pat. No. 5,510,547 teaches that a combination of a

phenylenediamine compound and a hydroxylamine compound is effective at
inhibiting the polymerization of vinyl aromatic monomers during processing
conditions. U.S. Pat. No. 4,720,566 teaches that a combination of a

20  hydroxylamine and a phenylenediamine compound is effective .at inhibiting the

polymerization of acrylonitrile during its production.

The use of 2,2,6,6-teteramethylipiperidine-N-oxy! (nitroxyl radical) based
stable free radicals for controlling free radical polymerization of reac;tive
25  monomers is well established in literature. U.S. Pat. No. 3,747,988 teaches its
use for controlling acrylonitrile polymerization, U.S. Pat. No. 3,733,326 teaches
its use for stabilizing vinyl monomers, U.S. Pat. No. 3,488,338 teaches its use
for short-stopping the polymerization of chloroprene, U.S. Pat. No. 4,670,131 _
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25+fmanoners is well established in literature. U S. Pat. No. 3,747,988
teaches its use for controlling acrylonitrile polyneri gg%g@a&éoﬁﬁ Pat .
No. 3,733,326 teaches its use for stabilizing vinyl- nononers, U S. Pat.
No. 3,488,338 teaches its use for short-stopping the polynerization of
chloroprene, U S Pat. No. 4,670,131 -2 20 February 2006 clains the use of
nitroxyl radicals in _the range of 20 ppb to 700 ppm_for controlli r‘

foul i ny. Slalmsie Use 06 Arxy! ekt iibedange o629 pPbdaioR rom fer cantiglinge

expensi Veu i TR ‘ inations of nitroxyl radicals with other
?oﬂlﬁé’}ﬁ\ﬂ‘l Mr@g &30

conpounds e bere econom ¢ and technical) and there are a nunber of
patents that teach these types of conbinations. Exanples are; U S. Pat.

No. 5, 711, 767 TEMPOHsasednipbxylirddioxls are relgtively erpénsive.eSymérgistic

phenyl| enedi am nes tqQ prevent gum formation in gasoline, U. & Pat .. No.

5, 888 3560MBINatigas @f Biteaxyhradicaly With aihereamppyndshaveskesiis Kreonogic 1 o
stabilizi } ) % of nitroxyl
radi cal Shﬂg\‘t%%ﬁ}gﬁg? @?ﬁ%%ﬁ%ﬁ%@g&b% zetﬁ@tsftﬁét %tg é%ftﬁsz% eﬁ?r?yl ic acid,
and U. S. combindtions. Examplgsard; 1.5t Rat. e 571 hi767 dorytherusdi afalikoxylit h aromati c

it ds f t.abili zi ' | ti . 15 SU RY OF
Rl e SR SR AL SO R gAY O
i s proviged. Pat. Rt BESE 956 fd?fih@ uke A nﬁF&gﬁﬂid{@é WiAtieesdhenbRyfor mononer s

conprising adding to vinyl nonomers an ective i nhibiting amount of a

conptii t siahilizingping imonamers, khSnBat. do. & 728,872 far the aisse af mitraxyl radieaisol

corrpoundw% dm'é?erfo%ur[}élti?dte%enzene for stabilizing acrylic acid, and U.S. Pat. No.
5,264,760 for the use of nitroxyl radicals with aromatic nitro compounds for
stabilizing vinyl aromatic monomers. |

15 SUMMARY OF INVENTION
In accordance with a first aspect of the present invenfion,there.-is provided a
_method for inhibiting the polymerization of vinyl monomers comprising adding to
vinyl monomers an effective inhibiting amount of a composition comprising a
combination of: | . |
20 (a) atleast one aminophenol compound of the formula:

OH
) l N NH—R;
e
- o
25 —_

-wherein Ry and R; are selected from hydrogen, C4-Cz alkyl or aryl,
and OR’, ' : -
wherein R’ is selected from hydrogen, C1-Co alkyl, phenyl and
. - (b)  a nitroxyl radical compound.
30 BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 is a graph of gum formation versus composition component ratio for -

- components tested and results reported in Tables | and lll below.
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If, wherein R and R2 are sel ected from hydrogen, C1-C20 al kyl or aryl, and
OR, wherein IT is selected fromhydrogen, Cl-C20 al kyl gpoplagpayly @ (b) a
nitroxyl radical compound. 30 BRI EF DESCRIPTION OF THE FIGURES'Fig. 1 is a
graph of gum formati on versus conposition conponent ratio for conponents
tested and results reported in Tables | and |11l below. 20 February 2006
Fig. 2 is a graph of gumformation versus conposition conponent ratio for
sever al dosagFid. @viglasgraphtof guatforndtioa perdudtcompdsitibe sompoh¥niamtio Yobel ow.
DETAI LED DESCEI PTI OY OF THE | NVENT] ON 5 Th_eélpr esent invention provides for
met hods SRPELAPRRGE VRS asdesiadtang tanagtedind ablas kY iand:V BRloM. vi ny|
nononmers conprising an effective inhibiting conposition which conprises
~(A) at |east one am nophenol conpound (B) at |east one nitroxyl radical
conpound DETAIBED2DE SERIBTIONIDE THEOINVENTION3 PCT/ US02/ 16168 The

am ngphenol c¢ ounds .may be selected from the conpounds iven by the
general i zed fiﬁ%ﬂr%s.erﬁm%\'gp@ Hﬁ?‘"ﬁgs | YOG St B?%Ej@'f‘ﬁgjfoé "&'g%‘ﬂ@al kyl
group, athd palyRidAzain SRinyl monomers comprising an effective inhibiting

composition which comprises (A) at least one aminophenol compound (B) at least

one nitroxyl radical compound.

10
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5wth R being a H an alkyl or an aryl group. R2 is selected from an

al kyl', a phenyl group, or OR, with R having the same mgaRbimnpsodef ore.
Non- excl usi ve exanpl es of such conpounds are 2-am nophenol, 3-hydroxy-2-
anm nophenol, 2-am no-napht hal en-1-ol, 3-am no-naphthal en-2-o0l, 1-anmno 10
naphthalenwgngamﬂg am no-tert-butyl - phenol, and 2- anlnoT@Tﬁghﬂxkgpheno
Exenpl ary nitroxyl radical conpounds |nclude but are not Ilimted to
derivatives of dialkyl nitroxyl radicals and

1-oxyl -2, 2,6, 6-t6traal kyl pi peri di ne conpounds such as

1-oxyl -2, 2,6, 6-tetranet hyl pi peridine, 1-oxyl-2,2,6,6 15

t et ranet hyl pi peridin-4-ol (O4+TEMPO, 1-oxyl-2,2,6,6-tetranethylpiperid

i n-4- one, 1-oxyl -fheZanfinSpHiction @d’f’ﬁécﬁlﬁcﬁ'rﬁé‘f bé‘bé!eéteﬁlfroﬁFﬁE%Bﬁvpounds

1-oxyl -2, 2,6, 6- tetranethyl pi peridin-4-yl” 2-ethyl hexanoat e,

1- oxyl - 2, 2, 6SBVlebYﬁ\¢EQﬂﬁ'9rqiﬁZp@qumulﬂ 4-y| stearate,

1-oxyl -2, 2,6, 6-tetranethyl pi peridin-4-yl benzoate, 1-oxyl-2,2,86,6-
tetranethylpiperidin-4-y| 4Qtert - butyl benzoate, bis(1l-oxyl-2,2,6,6 20

t et ramet hyl pi peri di n-4-yl) ducci nate,

bi s(1-oxyl-2,2,6,6-tetrametlyl pi penhdi-ngg-yl) adipate,

bi s(1-oxyl-2,2,6,6-tetra &ri di n- 4- yi ) sebacate, bis(1- oxyI
2,2,6,6-tetranet hyl pi pe( ¢ ) n-butyl mal onate, bis(1-oxyl- ,6,6 -4 20
February 2006 0 WO 02/09 763 PGTI US02116168 tetranethylplperldln 4- yl)
pht hal ate, bis(1-oxyl - et ranet hyl pi peridin-4-yl) isophthal ate,

bi s(1-oxyl -2, 2,6, 6- tetranathylplperldln 4-yl) terephthal ate, bis(1-

oxyl -2, 2, 6, 6- tetranethylplperldln 4-yl) hexahydr ot er epht hal at e,

N, N - b|s(1 o] 2.2,6,6-tetranmet hyl pi peri di n-4-yl)adi pam de,

N 1- oxyl - ‘-éh@f g seleniedHiam hydrpgen, A G Fro Al HBOPPsUY IR WOR',

| - oxyl - 4- %Et %WR‘Zbé'fnéa@-f an alky!l or an aryl group. R, is selected from an alkyl, a

phenyl group, or OR’, with R’ having the same meaning as before.

Non-exclusive examples of such compounds are 2-aminophenol, 3-hydroxy-2-
aminophenol, 2-amino-naphthalen-1-ol, 3-amino-naphthalen-2-of, 1-amino-

10  naphthalen-2-ol, 2-amino-tert-butyl-phenol, and 2-amino-4-methyl-phenol.

Exemplary nitroxyl radical compounds include, but are not limited to derivatives
of dialkyl nitroxyl radicals and 1-oxyi-2,2,6,6-tetraalkylpiperidine compounds
such as 1-oxyl-2,2,6,6-tetramethylpiperidine, 1-oxyl-2,2,6,6-

15 tetramethylplper:dm-4—o! (OH-TEMPO}, 1-oxy}-2,2,6,6-tetramethylpiperidin-4-
one, 1-oxy1—2 2,6,6-tetramethylpiperidin-4-yl acetate, 1-oxyl-2,2,6,6-

tetramethylpiperidin-4-yl 2-ethylhexanoate, 1-oxyl-2,2,6,6-tetramethylpiperidin-

4-yl stearate, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl benzoate, 1-oxyi-2,2,6,6-
tetramethylpiperidin-4-yl 4-tert-butylbenzoate, bis(1-oxyl-2,2,6,6-

20 tetramethylpiperidin-4-y}} succinate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin—4-yl)
adipate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) slebacate, bis(1-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl} n-butyimalonate, bis(1-oxyl-2,2,6,6-

4.



t et ramet hyl pi peri di ne, 1-oxyl-4-am no-2, 2,6, 6-tetranethyl pi peridi ne and
1-oxyl - 4-acetam no-2, 2, 6, 6-tetranet hyl pi peridine. The ppprepR&as 06
~characterized as pol ynerizable vinyl nmonomers and _10 include ol efins and
di ol efins. The ol efins tain about 2 to about 2 arbon atons, preferably

2 to 8 carhon atonms and e diolefins are conjugated a L about 4
to about 28 %4Y8&h atons with 4 to 6 carbon atons prefggﬁgggghﬁﬁgnples of

t hese conpounds i nclude ethyl ene dichloride, vinyledene chloride, ethylene
gl ycol, aromatics fromethyl ene plants and pyrol ysis 15 gasoline,

but adi ene, isoprene, cyclopentadi ene, vinylacetate, acrylonitile,

met hacrylic acid, and nethyl net hacrylate. The inhibitor conpositions of the

present invepki r Lfect v I phi DL A ' f vinyl
ronomer s dur (s PeBIG I, DRI Lk 6 BRaPEnLT s ¥ Y
C'OPF“ ti onlsI aisﬁphl’hﬂlﬁte{dﬁs(u-roaylsam,ﬁtﬁateitnameu‘iytl)[bihaidimmTyd)rtEfe@gth'EMG,ebis(dndi ti oPs
Wi usual Iy have en present. an n be at el evated t ratures of u
to 100.C Thearos B iRl sis b Sesatufpreruate: NV A P
purificati onzr®easeafeMPBigeiBinldlP)aipathiasakedodyropes gt ures of 50 and 150
C where oxygen can be present or absent. 25 For purposes of the present

i nventi orf  t tedramethylpipefidindiyelodeerisiccingpidehtoxyukpethexyiZs2 68at  anount of

ononer o ThREhAPBGRAE B0 4 Anhld S bleeRlmeiFg il 1505 5 Y
02/ 094763 PCHACEGEMINAR]EB, 68etramethyipiperidine. . :

The monomers are characterized as polymerizable vinyl monomers and
10 include olefins and diolefins. The olefins contain about 2 to about 20 carbon
atoms, preferably 2 to 8 carbon atoms and the diolefins are conjugated and
contain about 4 to about 20 carbon atoms with 4 to 6 carbon atoms preferred.

' Examples of these compounds include ethylene dichloride, vinyledene

chloride, ethylene glycol, aromatics from ethylene plants and pyrolysis
15 gasoline, butadiene, isoprene, cyclopentadiene, vinylacetate, acrylonitile,
methacrylic acid, and methylmethacrylate.

The inhibitor compositions of the present invention are effective at
inhibiting the polymerization of vinyl monomers during both storage and
20 p}ocessing conditions. Storage conditions also include transportation of the
monomers. These conditions will usually have oxygen present and can be at
‘elevated temperatures of up to 100° C. The processing conditions are usually
distillation and purification processes and are run at elevated temperatures of
50° and 150° C where oxygen can be present or absent. '

25
For purposes of the present invention, the term “effective amount for the

purpose” is that amount of inhibitor compositions necessary to inhibit

polymerization of the vinyl monomers. This amount will vary according to the

-5.



10 conditions under which the nononers are subjected during the storage
and/or handling thereof- During processing, for exanpl gy Fbh@lniRimRer at ures
and higher nononers contam nation will require |arger anounts of the

i nhibitor conpositions. Preferably, the total amount of the inhibitor

conposi ti apgaghdad to the vinyl nmonomer will range fromp-qRR, 6ilﬁgpart to
about 10,000 parts per mllion parts of nononmer. More preferably, the

i nhi bitor conpositions are added at a range of about 1 part to about 100
parts per mllion parts nononmer. The weight ratio of am nophenol conpound
to nitroxyl radical conpound in the inhibitor conposition can generally
vary fromabout 1:9 to about 9:1. Accordingly, it is possible to produce a

nore ef fect | s uRRAIGIRCh b nBRINGR ok 28Rl AIHRL i RoldcRU s han

i s obtainable by the use of one Ingredi ent al'one when® neasur
conpar abl e t rreadlirntheranie During hiccessingdfocexhragie] vigh yempératunéd and f or t he
concentration.gf each of these.ingredients to be |ower and, t he total
coantity of e BRonférs kORARAEh S EPie Itae oS of MR coci ng
t enper at ur es gempostiongduced. 20 The inhi bitor conpositions of the present
I nvention _nmay be added to the vinyl nononmers as either a dispersion or as
a solutio using a suitable liquid carrier or solvent. Any solvent that is
conmpati bl e with t Resferabiy theuigtal ampuatiplthe énhibifpg campiesitines addeshiortheray be
enpl oyed. Theg, L LI QF LBt lonal met hod
at any point Qﬁ'@?ﬁ@%&)%@?ﬁ%ﬁg@s@rﬁ qﬁ?@%%ﬁ?ﬁ%@%ﬁﬁ%é?@é‘ﬁ’@ may be
added to the partsyf momooreer Mooy peigrablypthednfiibtaradompeisitiods aed hdded atsa
I-ndi vi dual conpone ts or as.a gonb{' ation of

~ range of about 1 part to about paris per million parts monomer.

10 -
The weight ratio of aminophenol compound to nitroxyl radical compound

in the inhibitor composition can generally vary from about 1:9 to about 9:1.

Accordingly, it is possible to produce a more effective vinyl monomer
15 polymerization inhibition treatment than is obtainable by the use of one
| ‘ingredient alone when measured at comparable treatment levels. This
enhancegl activity will allow for the concentration of each of these ingredients to
be lowered and the total quantity of polymerization inhibitor particularly at
~ higher processing temperatures may be reduced.
20
The inhibitor compositions of the present invention may be added to the
vinyl monomers as either a dispersion or as a solution using a suitable liquid
_carrier or solvent. Any solvent that is compatible with the individual ing}edients
and with the monomer may be employed. The compositions may be

25 introduced by any conventional method at any point in the processing 'system.

The inhibitor compositions may be added to the vinyl monomers by any

conventional method, either as individual components or as a combination of




20 February 2006 WO 02/094763 PCT/ US02116168 conponents. It is preferred
that the ingredients be added to the monomer as a singbgrkh@at®ps. This -
invention will now be further described with reference to a nunber 5 of
~ speci fic exanpl es which to be regarded solely illustrative and not

as restricting the scopeof the invention. Exanpl 209 Lphibited
| soprene i‘YP?%é’%f’éﬁe was placed in a pressure vessel. 1094wg“2ﬁ?'>?€ure was
t hen purged once with nitrogen before placing it under 100- psi nitrogen.
The pressure vessel was then placed in a.100 C water bath for 4 hours

all ow ng pol ynerization of the diolefin. The m xture was then allowed to
coot at roomtenperature. The sanple was evaporated and the remaining

guTS/ pol Y eI U8R SR 0Bl AbRESnat fedRorediat e B8R finSlnck iR bgst o Tor

varying rati os he’ conbination o am nophenol a are
present ed i nsihghd BedtmehBBLE! No. HO- TEMPO (PpM 2 - AP (pprn) Total (ppm.
Gurms (ngl100m | 10. 750. 000. 7534 20. 560. 190. 7537 30. 500. 250. 7533

This invention will now be further described with reference to a number
5 of specific examples which are to be regarded solely as illustrative and not as

restricting the scope of the invention.

Examples _
20% uninhibited isoprené in heptane was placed in a pressure vessel.
10 This mixture was then purgéd once with nitfrogen before placing it under 100-
bsi nitrogen. The pressure vessel was;ther.u placed in a 100° C water bath for 4
hours allowing polymerization of the diolefin. The mixture was then allowed to
cool at room temperature. The sample was evaporated and the remaining

gums/polymer weight was obtained.

15
The results of this testing for varying ratios of the combination of 2-
aminophenol and OH-TEMPO are presented in Table |.
TABLE |
20 No. HO-TEMPO (ppm) 2-AP (ppm) Total (ppm) Gums (mg/100mi)
1 0.75 0.00 0.75 34
2 0.56 0.19 0.75 37
3 0.50 . 0.25 075 33
4 0.375 0.375 0.75 55
25 5 0.25 0.50 0.75 59
B8 0.19 0.56 0.75 56
7 0.00 0.75 0.75 78

These results demonstrate that the combination of 2-aminopheno! and

30 OH-TEMPO is synergistic and was unexpectedly more effective than would

-7-




40. 3750. 3750. 7555 50. 250. 500. 7559 60. 190. 560. 7556 70. 000. 750. 7578 These

results denonstrate that the conbination of 2-am nophengy F@Pga?gébog—l- TEMPO

is synergistic and was unexpectedly nore effective than wou

2006 WO 02/ 094763 PCTI 1 US02/ 16168 have been predicted by a linear.

conbi nat i %oﬂ%mgta; particul ar individual conponents (S?ETﬂS&/ 6ilﬁsand Fi g.
I'nearity between

10 15 Table I

2). The resul
-concentration and performance as denonstrated in Table il.

S of testing OH TEMPO al one denonstrates

February

5

No. HO- TEMPO (ppm) 2 -AP (ppm) Total . (pprn) Gums(mgl 1 00m ) 10. 750.000. 7539
20. 560. 000. 5668 30.500. 000. 5075 40. 3750. 000. 375106 50. 250. 000. 25121

60. 190. 000. 19141 70. 000. 000, 00170 Table 111

a conbi nat i omaRk HeBR pA&lsted by a linear combination of the particular individual

10

15

20

25

30

N WN

components (see Fig. 1 and Fig. 2).

The results of testing OH-TEMPO alone demonstrates linearity between

concentration and performance as demonstrated in Table |,

Table 1l _
No. HO-TEMPO (ppm) 2-AP (ppm) Total (ppm) Gums (mg/100mli)
1 0.75 0.00 0.75 39
2 0.56 000 056 68
3 0.50 0.00 0.50 75
4 0.375 0.00 0.375 106
5 025 0.00 0.25 121
6 0.19 0.00 0.19 141
7 0.00 0.00 0.00 - 170

‘Table I presents the results of testing a combination of the non-
synergistic combination of OH-TEMPO with the commercially available inhibitor

BHT (2,6-di-t-butyl-4-methylphenol) at comparable concentration and ratios

(see Fig. 1).
_ Table 11l ‘
No. HO-TEMPO (ppm) BHT {(ppm) Total {ppm) Gums (mg/100ml)
' 0.75 0.00 0.75 31
0.56 0.19 0.75 77
0.50 0.25 0.75 84
0.375 0.375 0.75 102
0.25 0.50 0.75 112
0.19 0.56 0.75 121
0.00 0.75 0.75 156

- Further testing was performed of total treatment of 0.5 ppm and 1 ppm
are presented in Tables IV and V. '
_ s

presents the results of testing



synergi stic conbination of OHTEMPO with the conmmercially avail abl e

i nhibitor 20 BHT (2, 6-di-t-butyl -4-nethyl phenol) -at- compgiBfiry 2006
concentration and ratios (see Fig. 1). Table I1l No. HO TEMPO (ppm
(ppm Total (ppm Guns ( 100m ) 25 30 10.750. 0(@ma/531 20.560. 190, 7577
3. 0.500. 250. 7584 40. 3750™8750..75102 50. 250. 500. 75172 60. 190. 560. 75121 :
70. 000. 7500848 Further testing was perforned of tot 2TV &nt of 0.5
ppmand | ppm are presented in Tables IV and V. 8 20 February 2006 WO
02/ 094763 PCTI US02116168 5 10 15 20 Table IV

Table IV N
No. HO-TEMPO (ppm} 2-AP {ppm) Total (ppm) Gums (mg/100mi)
1 0.50 0.00 0.5 93
5 2 0.37 0.13 0.5 - 67
3 0.33 0.17 0.5 71
4 0.25 0.25 0.5 85
5 0.17 0.33 0.5 84
6 0.13 0.37 0.5 _ 96
10 7 0.00 0.50 05 132
Table V _
No. HO-TEMPO {ppm} 2-AP (ppm) Total (ppm) Gums (mq/100ml)
15 1 1.00 0.00 1.0 1
2 0.75 0.25 1.0 1
3 - 0.66 0.34 1.0 0
4 - 0.50 0.50 1.0 8
_ 5 0.34 0.66 1.0 8
20 6 0.25 0.75 1.0 13
7 0.00 1.00 1.0 54

Chermicals that are neither synergistic nor antagonistic will react
independent of each other. Chemicals that are synergistic when mixed will
25 perform better than what is predicted by a lineéar combination of individual
components. This synergism will be apparent by a curvature in the line upon
plotting concentration of components vs. performance. We see this effect
clearly with the synergistic combination of aminopheno! with the OH-TEMPO.
- On the other hand, the non-synergistic combination of BHT with OH-TEMPO
30 produces a performance that is linear and predicted by a linear combination of
the performance of each individual component (see Fig. 1). |

The resuits of these tests demonstrate the enhanced activity or synergy
between 2-aminophenol and OH-TEMPO at inhibiting vinyl monomer
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No. HO- TEMPO (ppm) 2-AP (ppm) Total (npm Guns (ngllOO0m) 10. 500. 000. 593
20. 370. 130. 567 30.330. 170. 571 40. 250. 250. 585 50. 170. 3302p%4pRAnlaRHe370. 596
70. 000. 500. 5132 Table V Na. HO TEMPO (ppn) 2-AP (ppm Total (ppn) Guns
(mgl"t00rnl) 11.000.001.01 20.750.251.01 30.660.341.00 4 0.500.501.08
50. 340. 661408,/7450. 751. 013 70. 001. 001. 054 Chenmicals t rﬁ@&mﬁﬂzﬁﬁ gi t her
synergi stic nor antagonistic will react independent of each other.
Chem cal s that are synergistic when m xed will 25 performbetter than what
is predicted by a |inear conbination of individual conponents. This
synergismw || be apparent by a curvature in the Iine upon plotting
concentration of conponents vs. performance. W see this effect clearly
with the syn brsd St i i ] i TEMPO.- On the
Ot hor hand. (T e ateRe ThER oalialad B RRRAR gt corBpriieo
aminophenol with nitroxyl radical compounds is synergistic and unexpectedly

more effective than would have been predicted by the linear combination of the

individual components at inhibiting polymerization.

While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and
modifications of this invention will be obvious to t_hdse skilled in the art. The
appended claims and this invention generally should be construed to cover all
10 such obvious forms and modifications which are within the true spirit and scbpe

of the present invention.

-10 -



30 produces a performance that is |inear and predicted by a |linear
conbi nation of the performance of each individual conpopgdbnifEsodd 9- 1)-
The results of these tests denonstrate the enhanced activity or” synergy
bet ween 2-am nophenol and OH TEMPO at inhibiting vinyl nonomer 20 February
2006 WO 02/094763 PCT/ US02116168 pol yneri zation. These results al so
denonstrate that the conbination of am nophenol with nitroxyl radical
conpoundgLAIMS:ner gi sti c and unexpectedly nore effective than would have
been predicted by the Iinear conbination of the individual conponents at

I nhi biting polymerization. 5 Wiile this invention has been described wth

respect to paflti cuPanethasbiodinhibiting thepelymerizations ofigipgkmanomess nuner ous

ki 11 ed” PpREhg R hlRRndinels o rdthve iiath oaRErff boner oty
shoul d beompositionednirishiy & cotldingdtibresfeh obvi ous forns and nodifications
which are within the true spirit and scope of the present invention. 20

February 2006 (&) At lgast ane amigephirnot sempenngiaf ithg ferrdildol yneri zati on of

vinyl nmononers conprising adding to vinyl nononers an effective inhibiting
anount of a conposition conprising a conbination of: (A) at |east one

am nophenol conpound dfHthe fornula: 5 R

9

Ry

NH"'"-Rz

A

wherein R4 and R; are selected from hydrogen, C4-Cog alkyl or aryl, and
OR’, wherein R’ is selected from hydrogen, C+-Cy alkyl, phenyl, and

(B) a nitroxyl radical compound.

2. The method as claimed in claim 1 wherein said aminophenol
compound is selected from 3-hydroxy-2-aminophenol, 2-aminc-naphthalen-1-ol,
3-amino-naphthalen-2-ol, 1-amino-naphthalen-2-ol, 2-amino-tert-butyl-phenol, and
2-amino-4-methyl-phenol, 2-aminophenol, and 4-aminophenol.

3. The method of claim 1 wherein said nitroXyI radical compound is
selected from derivatives of dialkyl nitroxyl radicals, 1-oxyl-2,2,6,6-
tetramethylpiperidine, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-ol, 1-oxyl-2,2,6,6-
tetramethylpiperidin-4-one, 1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl acetate, 1-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl 2-ethylhexanoate, 1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl stearate, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-yi
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wherein RL and R2 are sel ected from hydrogen, Cl1-C20 al kyl or aryl, and
OR, wherein R is selected fromhydrogen, Cl-C20 al kyl 20 pBsisty.2ca8d (B) a
nitroxyl radical compound. 2. The nethod as clained in claim1 wherein said
am nophenol conpound is selected from 3-hydroxy-2-am nophenol ,

2- am no- napht hal en-1-0l, 3-am no-napht hal en-2-0l, 1-am no-naphthal en-2-6l,
2-am no-tert-butyl-phenol, and 2-am no-4-nethyl-phenol, 2-am nophenol, and
4- ani nopbenzdate 31-okhie2, 218, b-octrahetHyipiperidinasyied-tersbilgibankzoatey big{ #dxgel
conpound_is. selected fromderiyatives of dial kyl nitroxyl radicals,

1- oxyl - 2,2,22,,%,,66tgtrpg}e,t@ﬂ@pﬁg¢|ﬁr$¥|,) isyceipate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-

1- | -2 ahiat | Db REE I Lhi = =Xyl o 5t t hyl pi
i no 43 adests, BRCFRIN o RES e ipipendli i scttte BELORI 1Y Ry
2,2,6, 6- Eﬂl,@,ﬁdetrpgithydgipbfldin-m-yg In-ﬁutghﬁalbhalieabtsgﬂ-ex)g;%,ﬁi@ls— 2E ﬁ I6 6- 4
tet t ria 1n-4- t te, 1 -oxyl:-2, ,0-tetraneg Ipe ridl
nsa g ot BibpeBi i BT, Hisdy Ot 6 el amet P RTHIED M - 4y
4-tert - bigophitig e;’:lbigp -Bkﬂizlz,wtetra%&hglp@pérﬁﬁﬁa% fayéptitharte, Bist-14oA-)

succi nate, bis(1-oxyl-2,2,6,6-tetramethyl pi pe(din: 4-yl) adi'pate,

bi s( 1- ox#12,@ 6seFametiapinardingd-pi) hexabiydroterephthaigiocls N-bis(i1 sgxii-8:3,6 .6-

2,2,6, 6- r | piperidi n:4- vl -put vl sl onat.e. bis(1-oxyl-2,2,6,6-

t ot 1 amet %e&hgr?%ﬁ&lﬂéeﬁ@ﬁl—ﬁyﬁaﬁmpét IS:‘P—O I-ﬁ,6,@-?etrametlhy‘plperlc}fn-4-yl—

bi s( 1- oxgbdesylsuechimid, armiyiimeirixyd, 2.6%6-Yétrameh9pipdirling, 1-oxyl-4-

bi s(1-oxyl-2,2,6 6-tetranethyl pipe ridin-4-yl) terephthalate, bis(1l-oxyl-
2,2, 6, 6- BRINGAR HfHstrpmetiayipipariding and kioxurdReEtamina. 26:5-

N, N - bi s{ }- P 0- tetranet hyl piperidin-4-yl)adlpam de,

N-1- oxyl = -,a%b%l-gl[péﬂrgén%ét hyl pipe ridin-4-yl- dodecyl succini m de, 1

-oxyl -4- methoxy-2,2,6,6-tetramethyl p iperid ine, 1-oxyl-4-
am no- 2, 2, 6, 6-tetranet hy| pi. peri di ne and’ 1-oxyl - 4- acet am no- 2, 2

6, 6-
t et r amet hy| pi fer i df Remethod as claimed in claim 2 wherein said aminophenol

compound is 2-aminophenol.

5. The method as claimed in claim 3 wherein said nitroxyl radical
compound is 1-oxyl-2,2,6,6-tetramethylpiperidino-4-ol.

0. The method as claimed in claim 1 wherein said aminophenol
compound is 2-aminophenol and said nitroxyl radical compound is 1-oxyl-2,2,6,6-
tetramethylpiperidino-4-ol.

7. The method as claimed in claim 1 wherein said vinyl monomers are

selected from the group consisting of olefins and diolefins.
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4. The method as clained in claim2 wherein said am nophenol conpound is
2- ami nophenol . 5. The nethod as clainmed in claim3 wheregj FeBrab ook oxyl
radi cal conpound is 1-oxyl-2,2,6,6-tetramnethyl pi peridino-4-ol.” 6. The
method as clained in claim1 wherein said am nophenol compound is

2- am nophenol and said nitroxyl radical conmpound is 1-oxyl-2,2,6, 6-
tetranethyl piperidino-4-ol. 7. The nethod as clained in claim.1 wherein
sai d vinyl no8onerThamnssthedlasadisithdd inroldilve7 ahergineaiid okfinsandfsaid ef i ns and
di ol efi na, 0 Febr uar)é 2'026 8. Thg method as clainmed in claim7 wherein

sai d ol eflORINS RPN @Oy & te APRYL €8 §BERMSabout 2 to about 20 carbons. 9.
The nmethod as clainmed in claim1l wherein said conposition is added to said

~vinyl nmononers in an anount ranging fromabout 1 to about 10,000 parts per

mllion parts9of s&he nistiodaasrdaimediia.cldime! mhieheid said compositiontieadded sai d
conpositjon_.inhibits ol yneri zatign of. vi.nyl n rs, duyi rocessing. 5
11, The freraiding manomals 17 o uatranaing feim sbE T 5o abeut 1A golmarse at

t enper at geemilidn pRAs!bf SAdIHydA@itboA500 C. 12. The nethod of claim1 wherein
said vinyl nononers are in’'storage conditions. 13. The nethod of claim1l

wherein said conposition inhibits polynerization of said vinyl nonomers
during storaggy trRsRAsthel of Biahh 1 GRERIABEICBInS OSSR Inhibits
polymerization of vinyl monomers during processing.

5 _ 11.  The method as claimed in claim 10 wherein said processing occurs
at temperatures of about 50° to about 150° C.

12. The method of claim 1 wherein said vinyl monomers are in storage
conditions.

13. The method of claim 1 wherein said composition inhibits

polymerization of said vinyl monomers during storage, transportation or
combinations thereof. |
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