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ABSTRACT 

A method for inhibiting the premature polymerization and 
the polymer growth of ethylenically unsaturated monomers 
is disclosed Wherein the method comprises adding to said 
monomers an effective amount of at least one hydrogen 
donor or electron acceptor. In a preferred embodiment, the 
hydrogen donor or electron acceptor is used in combination 
With a stable nitroXyl free radical. 
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COMPOSITION AND METHOD FOR INHIBITING 
POLYMERIZATION AND POLYMER GROWTH 

[0001] This is a division of US. application Ser. No. 
09/580,343, ?led May 25, 2000, for Which the bene?t under 
Title 35, United States Code, § 120 to US. Provisional 
Application No. 60/168,623, ?led Dec. 3, 1999, entitled 
COMPOSITION AND METHOD FOR INHIBITING 
POLYMERIZATION AND POLYMER GROWTH has 
been claimed. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention is directed to the inhibition 
of polymeriZation and polymer groWth of ethylenically 
unsaturated monomers by means of the addition thereto of 
hydrogen donors and/or electron acceptors, either alone or in 
combination With at least one stable nitroxide free radical 
compound. 

[0004] 2. Description of Related Art 

[0005] Many ethylenically unsaturated monomers unde 
sirably polymeriZe at various stages of their manufacture, 
processing, handling, storage, and use. Polymerization, such 
as thermal polymeriZation, during their puri?cation results 
in the loss of the monomer, i.e., a loWer yield, and an 
increase in the viscosity of any tars that may be produced. 
The processing and handling of the higher viscosity tars then 
requires higher temperature and Work (energy cost) to 
remove residual monomer. 

[0006] PolymeriZation can also result in equipment foul 
ing, especially in the case of production of acrylic mono 
mers. Such polymeriZation causes loss in production ef? 
ciency oWing to the deposition of polymer in or on the 
equipment being used. These deposits must be removed 
from time to time, leading to additional loss in production of 
the monomer. 

[0007] A Wide variety of compounds has been proposed 
and used for inhibiting uncontrolled and undesired polymer 
iZation of ethylenically unsaturated monomers. HoWever, 
many of these compounds have not been fully satisfactory. 

[0008] There are several mechanisms by Which polymer 
iZation inhibitors Work. One mode of action for polymer 
iZation inhibitors is for the inhibiting species to combine 
With the propagating polymer chain such that the polymer 
iZation of that polymer chain stops, i.e., a termination 
reaction. If such an inhibitor-terminated polymer chain is 
capable of participating in a dynamic equilibrium betWeen a 
dormant species (the inhibitor-terminated chain) and an 
active polymer chain, it Would be considered a “living” or 
quasiliving polymer. For example, Ivan, Macromol. Symp. 
88:201-215 (1994) describes quasiliving polymeriZation as a 
polymeriZation in Which “ . . . only a portion of chain ends 

are active (propagating) and these are in equilibria With 
inactive (dormant, nonpropagating) chains . . . ” Shigemoto 

et al., Macromol. Rapid Commun. 17:347-351 (1996) state, 
“Well-de?ned polymers can be prepared by controlled/ 
“living” radical polymeriZation in the presence of relatively 
stable radicals. These systems employ the principle of 
dynamic equilibration betWeen dormant species and groW 
ing radicals via reversible homolytic cleavage of a covalent 
bond in dormant species.” Further, GresZta et al., Macro 
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molecules 29:7661-7670 (1996) state, “The reversible 
homolytic cleavage of dormant species can be accomplished 
by either thermal, photochemical, or catalytic activation. 
The most successful approaches are as folloWs: homolytic 
cleavage of alkoxyamines and dithiocarbamates, use of 
various organometallic species, and catalyZed atom transfer 
radical polymerization.” Such a “living” polymer is capable 
of increasing in molecular Weight (groWing) through its 
reaction With additional monomer units of the same or 
different types of polymeriZable monomers. 

[0009] The method by Which this “living” polymer groWs 
is termed the “living” polymeriZation mechanism, and is 
depicted beloW. 

M — Inh ———> M" + *Inh (1) 

M" + *Inh ———> M — Inh (2) 

M" + M’ ---> M - M'* (3) 

M - M'* + *Inh ---> M - M’ - Inh (4) 

[0010] Reactions (1) and (2) depict the dynamic equilib 
rium, With (2) being the termination reaction. Reaction (3) 
depicts groWth of the polymer chain. Reaction (4) depicts 
re-termination of the groWing polymer chain With the inhib 
iting species. The amount of groWth over any period of time 
is dependent on the relative rate at Which (2) occurs versus 
(3), as long as (1) occurs to some extent. The faster (2) is 
relative to (3), the more time is needed for signi?cant groWth 
of the polymer. Under the conditions in Which inhibitors are 
normally used, the concentration of the inhibiting species 
should be suf?ciently high to cause reaction (2) to be much 
faster than reaction (3), otherWise it Would not be an 
effective inhibiting system for commercial use. HoWever, 
We have realiZed that even at an effective inhibiting amount 
of the inhibitor, groWth can still occur, given suf?cient time 
and temperature. 

[0011] There are at least tWo scenarios in Which “living” 
polymer can remain in a monomer puri?cation train for an 
excessive amount of time. 

[0012] First, the use of recycle can signi?cantly increase 
the amount of time that the “living” polymer can remain in 
the puri?cation train. To recycle unused inhibitor that is left 
in the puri?cation stream after removal of the monomer, a 
portion of the residual stream is added to a feed stream 
earlier in the puri?cation train. This residual stream typically 
contains inhibitor, small amounts of monomer, impurities in 
the monomer stream that have been concentrated by the 
puri?cation process, and polymer formed during the pro 
duction and puri?cation process. Recycling this polymer 
Will alloW it time to groW if it is “living” polymer and the 
conditions of the puri?cation train alloW the “living” poly 
meriZation mechanism to occur. If this polymer groWs via 
the “living” polymeriZation mechanism, excessive polymer 
iZation Would cause loss in product yield, increased Waste 
residues from the process, and potential plugging of equip 
ment due to excessively high molecular Weight polymer in 
the puri?cation stream. 

[0013] Second, occasionally, conditions in the plant/puri 
?cation process can result in the formation of polymer 
Within the puri?cation train that is not dissolved by the 
monomer stream. If this polymer is caught in a dead space, 
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or if it attaches to the metal on the inside of the equipment, 
it Will not be Washed out of the system. Thus, the polymer 
Will remain Within the system inde?nitely (potentially for 
tWo or more years). If this polymer groWs via the “living” 
polymeriZation mechanism, it could coat the inside of the 
equipment, causing inef?cient separation of the monomer 
stream components and/or insufficient heating of the stream 
to enable puri?cation. Such a situation Would cause loss in 
product yield and could potentially cause an unscheduled 
shut-doWn of the plant in order to clean out the undissolved 
polymer in the equipment. Such a shut-doWn results in loss 
of monomer production and additional eXpense to clean out 
and dispose of the undissolved polymer. 

[0014] It is signi?cant that there has been no indication 
that previously used inhibitors Would lead to the formation 
of “living” polymer When used as polymeriZation inhibitors. 
HoWever, a neWly utiliZed class of inhibitors, the stable 
nitroXyl radicals, is knoWn to alloW this “living” polymer 
iZation mechanism to occur. These nitroXyl radicals are 
highly ef?cient polymeriZation inhibitors under normal use, 
providing better performance than most other inhibitors on 
the market, but their incapacity to prevent “living” poly 
meriZation has hindered their full utiliZation. Accordingly, 
there is a need for compositions that can be used in a 
puri?cation train, preferably in combination With nitroXyl 
radicals, to prevent polymer groWth that occurs via a “liv 
ing” polymeriZation mechanism. NitroXyl radicals are 
knoWn to facilitate polymeriZation via a “living” free radical 
process to give polymers of narroW polydispersity. 

[0015] Georges et al., Macromolecules 26(11):2987-2988 
(1993) synthesiZed narroW molecular Weight resins by a 
free-radical polymeriZation process With polydispersities 
comparable to those that can be obtained by anionic poly 
meriZation processes and beloW the theoretical limiting 
polydispersity of 1.5 for a conventional free-radical poly 
meriZation process. The process comprised heating a miX 
ture of monomer(s), free-radical initiator, and a stable free 
radical, e.g., 2,2,6,6-tetramethyl-1-piperidinyloXy 
(TEMPO). 
[0016] Hawker et al., Macromolecules 29(16):5245-5254 
(1996) prepared and evaluated a variety of initiating systems 
for the preparation of macromolecules by nitroXide-medi 
ated “living” free radical procedures. The systems Were 
divided into tWo classes, unimolecular initiators in Which 
alkylated TEMPO derivatives dissociate to provide both the 
initiating radical and the stable radical, and bimolecular 
systems in Which a traditional free radical initiator, such as 
BPO or AIBN, is used in conjunction With TEMPO. For the 
unimolecular initiators it Was found that an ot-methyl group 
is essential for “living” character, While a variety of sub 
stituents could be placed on the phenyl ring or the [3-carbon 
atom Without affecting the ef?ciency of the unimolecular 
initiator. It Was found that the rate of polymeriZation is 
approximately the same for both the unimolecular and 
corresponding bimolecular systems; hoWever, the unimo 
lecular initiators afforded better control over molecular 
Weight and polydispersity. 

[0017] The inventors are unaWare of any art on the use of 
compounds to prevent polymer groWth that occurs via a 
“living” polymeriZation mechanism since this groWth phe 
nomenon is not knoWn to have previously been observed. 
Hindered nitroXyl compounds are knoWn to be very active 
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inhibitors of free radical polymeriZations of unsaturated 
monomers such as styrene, acrylic acid, methacrylic acid, 
and the like. Nitrophenols, nitrosophenols, phenylenedi 
amines (PDA’s), hydroXylamines, quinones and hydro 
quinones are also knoWn to have a similar capacity. 

[0018] US. Pat. No. 2,304,728 discloses that a vinyl 
aromatic compound may effectively be stabiliZed against 
polymeriZation by dissolving therein a monohydric halo 
nitrophenol having the general formula: 

OH 

X N02 

[0019] Wherein one X represents a halogen and the other 
X represents a member of the group consisting of hydrogen 
and halogen and nitro substituents. 

[0020] US. Pat. No. 3,163,677 discloses a process for the 
preparation of N,N,O-trisubstituted hydroXylamines and 
N,N-disubstituted nitroxides of the formulae: 

[0021] Wherein R1, R2, and R3 are each an alkyl radical 
having 1 to 15 carbon atoms. (As used herein, the designa 
tion N—O* denotes a stable free radical Wherein the asterisk 

is an unpaired electron.) The N,N,O-trisubstituted hydroXy 
lamines can be used to make the N,N-disubstituted nitroX 
ides, Which are stable free radicals and are said to be useful 
as polymeriZation inhibitors. 

[0022] US. Pat. No. 3,334,103 discloses that nitroXides 
can be prepared from the corresponding heterocyclic amine 
Wherein the nitrogen atom of the nitroXide group is attached 
to other than a tertiary carbon of an aliphatic group (i.e., the 
nitrogen atom forms a part of a heterocyclic nucleus). These 
nitroXides are said to have useful properties similar to those 

described for the N,N-disubstituted nitroXides of US. Pat. 
No. 3,163,677. 

[0023] US. Pat. No. 3,372,182 discloses that a great 
variety of N,N-disubstituted, stable, free radical nitroXides 
not otherWise readily available can be prepared by a simple 
and convenient process that comprises pyrolyZing in an inert 
reaction medium virtually any hydroXylamine that is sus 
ceptible to cleavage of the O—C bond, e.g., tri-t-butylhy 
droXylamine. 
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[0024] Us. Pat. No. 3,422,144 discloses stable, free radi 
cal nitroxides of the formula: 

[0025] wherein R is selected from the group consisting of 
tertiary alkyl, aryl, alkaryl, haloaryl, carboxyaryl, 
alkoxyaryl, alkylthioaryl, pyridyl, and dialkylaminoaryl, and 
R‘ is tertiary alkyl. These nitroxides are said to be useful as 
traps for reactive free radicals both in the counting of free 
radicals and for inhibiting oxidation and free radical poly 
meriZation. 

[0026] Us. Pat. No. 3,494,930 discloses free radicals of 
the nitroxide type for use as initiators of free radical reac 
tions, 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-oxyl-9, and by aZa-9-bicyclo (3,3,1) 
nonane oxyl-9. 

[0027] Us. Pat. No. 3,873,564 discloses compounds and 
a method for assaying enZymes by adding to a medium 
containing an enZyme a stable free radical compound having 
a stable free radical functionality Which, When subjected to 
an enZyme-catalyZed reaction, changes the environment of 
the free radical functionality. By folloWing the change in the 
electron spin resonance spectrum as affected by the change 
in environment, the type of enZyme and the activity of the 
enZyme can be determined. The compounds found useful are 
normally stable nitroxide radicals With an enZyme labile 
functionality. Other compounds include tWo cyclic nitroxide 
containing rings joined by a chain having an enZyme labile 
functionality. 

[0028] Us. Pat. No. 3,966,711 teaches that 2,2,7,7-tet 
raalkyl- and 2,7-dispiroalkylene-5-oxo-1,4-diaZacyclohep 
tanes 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 syn 
thesiZed by reactions knoWn for N-alkylation. Preferred 
substituents in the 4-position are alkyl, alkylene, alkenyl, 
aralkyl, and esteralkyl groups. The 1-nitroxyls derived from 
the imidaZolidines by oxidation With hydrogen peroxide or 
percarboxylic acids are also said to be good light stabiliZers. 

[0029] Us. Pat. No. 4,105,506 discloses a process for the 
distillation of readily polymeriZable vinyl aromatic com 
pounds and a polymeriZation inhibitor therefor. The process 
comprises subjecting a vinyl aromatic compound to elevated 
temperatures in a distillation system in the presence of a 
polymeriZation inhibitor comprising 2,6-dinitro-p-cresol. 

[0030] Us. Pat. Nos. 4,252,615 and 4,469,558 disclose a 
process for the distillation of readily polymeriZable vinyl 
aromatic compounds and a polymeriZation inhibitor there 
for. The process comprises subjecting a vinyl aromatic 
compound to elevated temperatures in a distillation system 
in the presence of a polymeriZation inhibitor comprising 

May 26, 2005 

2,6-dinitro-p-cresol. Also disclosed is a distillation method 
and apparatus for use With this inhibitor. 

[0031] US. Pat. No. 4,434,307 discloses the stabiliZation 
of vinyl aromatic compounds against undesired polymeriZa 
tion by adding to the vinyl aromatic compounds small 
amounts of at least one N,N-diarylhydroxylamine and at 
least one mono- or ditertiary alkyl catechol and/or at least 
one mono-or ditertiary alkylhydroquinone. 

[0032] US. Pat. No. 4,439,278 discloses an improvement 
in methods for preparing and processing ethylenically unsat 
urated aromatic monomer. The improvement comprises 
employing 3,5 -dinitrosalicylic acid or a derivative or isomer 
thereof as a process inhibitor. The process inhibitor is 
present in a concentration of about 50 to 3000 ppm, pref 
erably about 250 to 2,000 ppm, and most preferably about 
500 to 1,000 ppm. 

[0033] US. Pat. No. 4,466,904 discloses a compound and 
a process for utiliZing the compound to prevent the poly 
meriZation of vinyl aromatic compounds, such as styrene, 
during heating. The compound includes effective amounts of 
phenothiaZine, 4-tert-butylcatechol and 2,6-dinitro-p-cresol 
respectively, as a polymeriZation inhibitor system in the 
presence of oxygen resulting in a less viscous polymer tar 
and in the effective inhibition of polymeriZation to tempera 
tures as high as 1500 C. 

[0034] US. Pat. Nos. 4,466,905 and 4,468,343 disclose a 
compound and a process for utiliZing the compound to 
prevent the polymerization of vinyl aromatic compounds, 
such as styrene, during heating. The composition includes 
effective amounts of 2,6-dinitro-p-cresol and either a phe 
nylenediamine or 4-tert-butylcatechol respectively, to act as 
a polymeriZation co-inhibitor system in the presence of 
oxygen. 

[0035] US. Pat. No. 4,480,116 discloses an improvement 
in methods for preparing and processing readily polymer 
iZable acrylate monomers. The improvement comprises 
employing phenyl-para-benZoquinone, 2,5-di-phenyl-para 
benZoquinone, and mixtures thereof as process inhibitors. 
The process inhibitors are present in a concentration of 
about 50 to 3000 ppm, preferably about 250 to 2000 ppm, 
and most preferably about 500 ppm. 

[0036] US. Pat. No. 4,558,169 discloses a process for 
preparing vinyltoluene comprising passing ethyltoluene 
through a dehydrogenation Zone to form vaporous crude 
vinyltoluene, adding from about 50 to about 100 parts per 
million by Weight of a polymeriZation inhibitor such as a 
nitrated phenol to the vaporous crude vinyltoluene at a 
temperature betWeen about 200° and about 300° C., con 
densing the vaporous crude vinyltoluene, maintaining the 
pH of the aqueous phase of the condensed crude vinyltolu 
ene at a value betWeen about 5.5 and about 6.5 sufficient to 
maintain the inhibitor in the organic phase of the condensed 
crude vinyltoluene, adding a second portion of polymeriZa 
tion inhibitor to the condensed crude vinyltoluene until the 
inhibitor concentration totals about 500 parts per million by 
Weight relative to the vinyltoluene content of the crude 
vinyltoluene, ?ltering the condensed crude vinyltoluene to 
remove seed polymer, and distilling the condensed crude 
vinyltoluene to recover substantially pure vinyltoluene; and 
apparatus for carrying out said method. 

[0037] US. Pat. No. 4,665,185 discloses a process for the 
efficient preparation of nitroxyls of sterically hindered 
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amines by the oxidation of the amine using a hydroperoxide 
in the presence of a small amount of a metal ion catalyst, at 
moderate temperature for a short period of time, to give the 
nitroxyl in high yield and purity. 

[0038] Us. Pat. No. 4,692,544 discloses certain substi 
tuted diaryl amines that are used to inhibit the polymeriZa 
tion of ethylenically unsaturated monomers; for example, 
unsaturated carboxylic acids and derivatives thereof. 

[0039] Us. Pat. No. 4,720,566 discloses compositions 
and methods of inhibiting acrylonitrile polymeriZation, par 
ticularly in quench columns of systems producing acryloni 
trile, comprising adding to the acrylonitrile an effective 
amount for the purpose of (a) a hydroxylamine having the 
formula 

[0040] Wherein R and R‘ are the same or different and are 
hydrogen, alkyl, aryl, alkaryl or aralkyl groups, and (b) a 
para-phenylenediamine or derivative thereof having at least 
one N—H group. Preferably the phenylenediamine is a 
para-phenylenediamine having the formula 

[0041] Wherein R1, R2, R3 and R4 are the same or different 
and are hydrogen, alkyl, aryl, alkaryl, or aralkyl groups With 
the proviso that at least one of R1, R2, R3 or R4 is hydrogen. 

[0042] Us. Pat. No. 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-phenylenediamine. 

[0043] Us. Pat. No. 4,797,504 discloses compositions 
and methods of inhibiting acrylate monomer polymeriZation 
at elevated temperatures comprising adding to the acrylate 
monomer an effective amount for the purpose of (a) a 
hydroxylamine having the formula 

[0044] Wherein R and R‘ are the same or different and are 
hydrogen, alkyl, aryl, alkaryl or aralkyl groups, and (b) a 
para-phenylenediamine or derivative thereof having at least 
one N—H group. Preferably the phenylenediamine is a 
para-phenylenediamine having the formula 
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[0045] Wherein R1, R2, R3 and R4 are the same or different 
and are hydrogen, alkyl, aryl, alkaryl, or aralkyl groups With 
the proviso that at least one of R1, R2, R3 or R4 is hydrogen. 

[0046] US. Pat. No. 4,912,247 discloses a composition 
and method of use for inhibiting the polymeriZation of 
acrylate esters during elevated temperature processing and 
during storage and handling thereafter. It comprises the 
combination of a Mannich reaction product, Which is pre 
pared from a substituted phenol, an aldehyde and ethylene 
diamine, and either phenylenediamine or derivatives thereof 
and/or phenothiaZine or derivatives thereof. 

[0047] US. Pat. No. 4,929,778 discloses methods and 
compositions for inhibiting the polymeriZation of styrene 
monomer during elevated temperature processing thereof or 
during storage or shipment of styrene containing product. 
The compositions comprise a combination of (a) a phe 
nylenediamine compound having at least one N—H bond 
and (b) a hindered phenol compound. The methods comprise 
adding from 1-10,000 ppm of the combination to the styrene 
medium, per one million parts of styrene. 

[0048] US. Pat. No. 5,128,022 discloses methods and 
compositions for inhibiting the formation of polymers in 
petroleum or petrochemical processes that subsequently foul 
heat transfer surfaces. The compositions comprise a com 
bination of N-Phenyl-N‘-(1,3-dimethylbutyl)-p-phenylene 
diamine (PDA) and an organic acid. The methods comprise 
adding from 1 to 2500 ppm PDA and 1 to 3500 ppm organic 
acid to the system experiencing the fouling problem. 

[0049] US. Pat. No. 5,254,760 teaches that the polymer 
iZation of a vinyl aromatic compound, such as styrene, is 
very effectively inhibited during distillation or puri?cation 
by the presence of at least one stable nitroxyl compound 
together With at least one aromatic nitro compound. 

[0050] US. Pat. No. 5,446,220 discloses methods for 
inhibiting the polymeriZation of vinyl aromatic monomers in 
oxygen-free processing systems. These methods comprise 
adding from 1 to about 10,000 parts per million parts 
monomer of a combination of a dinitrophenol compound, a 
hydroxylamine compound and a phenylenediamine com 
pound. Preferably, 2-sec-butyl-4,6-dinitrophenol or 4,6 
dinitro-o-cresol are used in combination With bis-(hydrox 
ypropyl)hydroxylamine and N,N‘-di-sec-butyl-p 
phenylenediamine. 

[0051] US. Pat. Nos. 5,545,782 and 5,545,786 disclose 
that nitroxyl inhibitors in 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. 

[0052] European Patent Application 0 178 168 A2 dis 
closes a method for inhibiting the polymeriZation of an 
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ot,[3-ethylenically unsaturated monocarboxylic acid during 
its recovery by distillation by using a nitroxide free radical. 

[0053] European Patent Application 0 325 059 A2 dis 
closes stabilizing vinyl aromatic compounds against poly 
meriZation by the addition of an effective amount of a 
polymeriZation inhibition composition comprising (a) a phe 
nothiaZine compound; and (b) an aryl-substituted phe 
nylenediamine compound. 

[0054] European Patent Application 0 398 633 A1 dis 
closes a method of inhibiting acid monomer polymeriZation 
comprising adding to the monomer (a) a manganese source 
compound and (b) a phenylenediamine compound having at 
least one N—H bond therein. 

[0055] European Patent Application 0 594 341 A1 dis 
closes methods and compositions for inhibiting the poly 
meriZation of vinyl aromatic monomers under distillation 
conditions. The compositions comprise a combination of a 
phenylenediamine compound and a hydroxylamine com 
pound. 

[0056] European Patent Application 0 765 856 A1 dis 
closes 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. The composi 
tions comprise three components: (a) acrylic acid, (b) a 
stable nitroxyl radical, and (c) a dihetero-substituted ben 
Zene compound having at least one transferable hydrogen 
(e.g., a quinone derivative such as the monomethyl ether of 
hydroquinone (MEHQ)). During the distillation process, 
transport, and storage, components (b) and (c) are present in 
a polymeriZation-inhibiting amount. During the distillation 
process, oxygen (d) is preferably added With components (b) 
and According to the speci?cation, examples of suitable 
nitroxide free radical compounds include di-t-butylnitrox 
ide; di-t-amylnitroxide; 2,2,6,6-tetramethyl-piperidinyloxy; 
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy; 4-oxo-2,2,6, 
6-tetramethyl-piperidinyloxy; 4-dimethylamino-2,2,6,6-tet 
ramethyl-piperidinyloxy; 4-amino-2,2,6,6-tetramethyl-pip 
eridinyloxy; 4-ethanoyloxy-2,2,6,6-tetramethyl 
piperidinyloxy; 2,2,5,5-tetramethylpyrrolidinyloxy; 
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy; 2,2,5,5-tet 
ramethyl-1-oxa-3-aZacyclopentyl-3-oxy; 2,2,5,5-tetram 
ethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid; and 2,2, 
3,3,5,5,6,6-octamethyl-1,4-diaZacyclohexyl-1,4-dioxy. 

[0057] WO 97/46504 concerns substance mixtures con 
taining: (A) monomers containing vinyl groups; and (B) an 
active amount of a mixture Which inhibits premature poly 
meriZation of the monomers containing vinyl groups during 
their puri?cation or distillation and contains: betWeen 
0.05 and 4.5 Wt %, relative to the total mixture (B), of at least 
one N-oxyl compound of a secondary amine Which has no 
hydrogen atom at the ot-C atoms; and (ii) betWeen 99.95 and 
95.5 Wt % relative to the total mixture (B), of at least one 
nitro compound. The publication also discloses a process for 
inhibiting the premature polymeriZation of monomers, and 
the use of mixture (B) for inhibiting the premature poly 
meriZation of monomers. 

[0058] WO 98/02403 relates to inhibiting the polymeriZa 
tion of vinyl aromatic compounds by using a mixture of a 
phenol and a hydroxylamine. It is said that the process is 
useful in ethylbenZene dehydrogenation effluent condenser 
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systems and styrene-Water separator vent gas compressor 
systems and that it effectively inhibits polymeriZation of 
monomers, preventing the formation of a polymer coating 
on condenser and compressor equipment, thus reducing the 
necessity for cleaning of equipment surfaces. 

[0059] W0 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. 

[0060] WO 98/25872 concerns substance mixtures con 
taining: (A) compounds containing vinyl groups; (B) an 
active amount of a mixture Which inhibits premature poly 
meriZation of the compounds containing vinyl groups and 
contains: at least one N-oxyl compound of a secondary 
amine Which does not carry any hydrogen atoms on the 
ot-carbon atoms; and (ii) at least one iron compound; (C) 
optionally nitro compounds; and (D) optionally co-stabiliZ 
ers. The publication also discloses a process for inhibiting 
the premature polymeriZation of compounds (A) containing 
vinyl groups, and the use of (B) optionally mixed With nitro 
compounds (C) and/or co-stabiliZers (D) for inhibiting the 
premature polymeriZation of radically polymeriZable com 
pounds and stabiliZing organic materials against the harmful 
effect of radicals. 

[0061] UK. Patent Number 1,127,127 discloses that 
acrylic acid can be stabiliZed against polymeriZation by the 
addition thereto of a nitroxide having the essential skeletal 
structure: 

[0062] Wherein R1, R2, R3, and R4 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 satis?ed by R1 to R4 or nitrogen can also form 
part of a ring (e.g., 2,2,6,6 tetramethyl-4-hydroxy-piperi 
dine-1-oxyl). 
[0063] CS-260755 B1 is directed to the preparation of 
4-substituted-2,2,6,6-tetramethylpiperidine nitroxyls as ole 
?n stabiliZers. 

[0064] SU-334845 A1 is directed to the inhibition of the 
radical polymeriZation of oligoester acryl-ates using imi 
noxyl radical inhibitors of a given formula. 

[0065] SU-478838 is directed to the inhibition of the 
radical polymeriZation of oligoester acrylates and the pre 
vention of oligomeric peroxides using a binary polymeriZa 
tion inhibitor comprising quinone. 

[0066] FR 2,761,060 relates to the prevention of prema 
ture polymeriZation of styrene during its production by 
dehydrogenation of ethylbenZene by injecting into the pro 
cess effluent a radical inhibitor based on an oxyl-tetrameth 
ylpiperidine derivative. 

[0067] The foregoing are incorporated herein by reference 
in their entirety. 
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SUMMARY OF THE INVENTION 

[0068] In accordance With the present invention, inhibiting 
systems have been developed in Which a component that is 
a hydrogen donor or electron acceptor or a combination of 
tWo or more of such components is used in the puri?cation 
train, either alone or, preferably, in combination With a 
nitroXyl radical to prevent polymer groWth via a “living” 
polymeriZation mechanism. When the component is used in 
combination With the nitroXyl radical, the effectiveness of 
the nitroXyl radical inhibitor can be preserved and utiliZed 
Without risking high molecular Weight polymer formation 
and/or coating of the internal parts of the puri?cation train 
oWing to excessive polymer groWth over time. 

[0069] More particularly, the present invention is directed 
to a method for inhibiting the premature polymeriZation and 
the polymer groWth of ethylenically unsaturated monomers 
comprising adding to said monomers an effective amount of 
at least one inhibitor that is a hydrogen donor or an electron 
acceptor. 
[0070] It is also advantageous to add a transition metal ion 
to the monomers. The preferred transition metal ion is 
copper, especially Cu(I)naphthenate. 
[0071] In a preferred embodiment, the present invention is 
directed to a method for inhibiting the premature polymer 
iZation and the polymer groWth of ethylenically unsaturated 
monomers comprising adding to said monomers A) an 
effective amount of at least one ?rst inhibitor that is a 
hydrogen donor or an electron acceptor and B) at least one 
second inhibitor having the folloWing structural formula: 

(1) 

[0072] In another aspect, the present invention is directed 
to a composition comprising A) at least one ?rst inhibitor 
that is a hydrogen donor or an electron acceptor and B) at 
least one second inhibitor having the folloWing structural 
formula: 

(I) 

[0073] In formula (I), R1 and R4 are independently 
selected from the group consisting of hydrogen, alkyl, and 
heteroatom-substituted alkyl and R2 and R3 are indepen 
dently selected from the group consisting of alkyl and 
heteroatom-substituted alkyl; and X1 and X2 (1) are inde 
pendently selected from the group consisting of halogen, 
cyano, COOR7, —S—COR7, —OCOR7, (Wherein R7 is 
alkyl or aryl), amido, —S—C6H5, carbonyl, alkenyl, or 
alkyl of 1 to 15 carbon atoms, or (2) taken together, form a 
ring structure With the nitrogen, preferably of ?ve, siX, or 
seven members. 

May 26, 2005 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0074] As stated above, the present invention is directed to 
inhibiting systems in Which at least one hydrogen donor or 
electron acceptor is used in the puri?cation train, preferably 
in addition to at least one nitroXyl radical, to prevent 
polymer groWth that occurs via a “living” polymeriZation 
mechanism. 

[0075] The hydrogen donor compounds can, for eXample, 
be hydroXylamines, oXimes, phenols, catechols, hydro 
quinones, thiols, anilines, dihydroanthracenes, and the like. 
Such compounds can include a metal species Which facili 
tates the reduction/oxidation reactions that can accompany 
groWth inhibition through deactivation of the groWing radi 
cal chain. More particularly, the hydrogen donor compounds 
are preferably chosen from compounds having the structural 
formulae I through V. 

R100 \ / R101 
N 

(I... 
IF100 H 

HO\ Néc R101 

R104 III 

R109 R105 

R108 R106 

R107 

R113 IV 

R114+SH 
R115 

R116 R123 V 

R117 R122 

R118 R121 

R119 R120 

[0076] 
[0077] R100 and R101 are independently selected from 

the group consisting of hydrogen, alkyl, alkylidene, 
benZylidene, aryl, benZyl, COR102, COOR1O2, 
CONR1O2R1O3, cyclic, heterocyclic, and substituted 
alkyl or aryl Where the substituents are C, O, N, S, or 
P, or 

In structural formulae I through V: 

[0078] R100 and R101 can be taken together to form a 
ring structure of ?ve to seven members; 

[0079] R102 and R103 are independently selected from 
the group consisting of hydrogen, alkyl, aryl, benZyl, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
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the substituents are C, O, N, S, or P, or R102 and R103 
can be taken together to form a ring structure of ?ve to 
seven members; 

[0080] R104, R105, R106, R107, R108, and R109 are inde 
pendently selected from the group consisting of hydro 
gen, alkyl, aryl, cycloalkyl, heterocyclic, substituted 
alkyl, substituted aryl, ORllo, NRlloRlll, SRllo, NO2, 
NO, CN, COR112, halogen (as used herein, halogen 
includes ?uorine, chlorine, bromine, and iodine), and/ 
or any tWo adjacent groups can be taken together to 
form ring structure(s) of ?ve to seven members, pro 
vided that at least one of R104, R105, R106, R107, R108, 
and R109 is OH or NHRHO; 

[0081] R110 and R111 are 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 COR102, or R110 
and R111 can be taken together to form a ring structure 
of ?ve to seven members; 

[0082] R112 is R102> OR102> or NR102R103; 

[0083] R113, R114, and R115 are independently selected 
from the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, and heterocyclic moieties; and 

[0084] R116’ R117> R118’ R119> R120> R121> R122 and 
R123 are independently selected from the group consist 
ing of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, 
substituted alkyl, substituted aryl, ORUO, NRlloRlll, 
SRllo, NO2, NO, CN, COR112, halogen, and/or any tWo 
adjacent groups can be taken together to form ring 
structure(s) of ?ve to seven members. 

[0085] The electron accepting compounds can, for 
example, be quinones, quinone imines, quinone methides, 
and acetylenes. Such compounds can include a metal species 
Which facilitates the reduction/oxidation reactions that can 
accompany groWth inhibition through deactivation of the 
groWing radical chain. More particularly, the electron 
accepting compounds are preferably chosen from com 
pounds having the structural formulae VI or VII. 

VI 

R120 R122 

R121 R123 

[0086] 
[0087] X and Y are independently selected from the 

group consisting of oxygen, NRllo, and CR124R125; 

[0088] R120, R121, R122, and R123 are independently 
selected from the group consisting of hydrogen, alkyl, 
aryl, cycloalkyl, heterocyclic, substituted alkyl, substi 
tuted aryl, ORllo, NRlloRlll, SRUO, NO, NO2, CN, 
COR112, and halogen, or R120 and R121, can be taken 
together and/or R122 and R123 can be taken together to 

In structural formula VI: 
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form one or tWo ring structures, respectively, either of 
Which can be of ?ve to seven members; 

[0089] R124 and R125 are independently selected from 
the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, heterocyclic, substituted alkyl, substituted 
aryl, ORllo, NRlloRlll, SRHO, NO2, NO, CN, 
COR112, halogen, and/or can be taken together to form 
a ring structure of ?ve to seven members; 

[0090] R110 and R111 are 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 COR102, or R110 
and R111 can be taken together to form a ring structure 
of ?ve to seven members; 

[0091] R112 is R102> OR102> or NR102R103; and 

[0092] R102 and R103 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 R102 and R103 
can be taken together to form a ring structure of ?ve to 
seven members. 

[0093] 
[0094] R126 and R127 are independently selected from 

the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, heterocyclic, substituted alkyl, substituted 
aryl, ORHO, NRlloRlll, SRHO, NO2, NO, CN, 
COR112, and halogen Wherein R110, R111, and R112 are 
de?ned as for formula VI. 

[0095] In the foregoing, alkyl (or substituted alkyl) groups 
preferably contain 1 to 15 carbon atoms, e.g., methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the 
like, and isomers thereof, e.g., t-butyl, 2-ethylhexyl, and the 
like. It is more preferred that the alkyl (or substituted alkyl) 
groups be of one to ?ve 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 hydrogen donating or electron receiving 
functions of the compounds. Aryl groups are preferably of 
from 6 to 10 carbon atoms, e.g., phenyl or naphthyl, Which, 
in addition, may be substituted With non-interfering sub 
stituents, e.g., loWer alkyl groups, halogens, and the like. 

In structural formula VII: 

[0096] Exemplary hydrogen donating compounds include, 
but are not limited to, diethylhydroxylamine, cyclohex 
anoneoxime, dibenZylhydroxylamine, 2,4-dinitro-6-sec-bu 
tylphenol, N-phenyl-N‘-(1 ,4-dimethylpentyl)-p ara-phe 
nylenediamine, 2,5 -di-t-butylhydroquinone, 2,5 -di-t 
amylhydroquinone, methylhydroquinone, 4-t 
butylhydroquinone, 4-t-butylcatechol, octanethiol, 2,6-di-t 
butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, 
N-t-butyl-2-benZothiaZole-sulfenamide, N-methyl-4-nitroa 
niline, and the like. 

[0097] Exemplary electron accepting compounds include, 
but are not limited to, phenylacetylene, 2,5-di-t-butyl-1,4 
benZoquinone, 2,6-di-t-butyl-1,4-benZoquinone, 1,4-benZo 
quinone, 2-methylanthraquinone, 1,4-naphthoquinone, 2,6 
di-t-butyl-4-(phenylmethylene)-2,5-cyclohexadiene-1-one, 
2,6-di-t-butyl-4-(phenylimino)-2,5-cyclohexadiene-1-one, 
ethyl 3,4-bis-(3,5-di-t-butyl-4-one-2,5-cyclohexadi 
enylidene)-hexane-1,6-dioate, and the like. 
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[0098] An effective growth inhibiting system can consist 
of one or more of any of the compounds described above 

With or Without one or more nitroXyl compounds. 

[0099] As stated above, in one preferred aspect, the 
present invention is directed to a method for inhibiting the 
premature polymeriZation of ethylenically unsaturated 
monomers comprising adding to said monomers, in addition 
to at least one ?rst inhibitor that is a hydrogen donor or an 

electron acceptor, an effective amount of at least one second 

inhibitor that is a stable hindered nitroXyl compound having 
the structural formula: 

[0100] Wherein R1 and R4 are independently selected from 
the group consisting of hydrogen, alkyl, and heteroatom 
substituted alkyl and R2 and R3 are independently selected 
from the group consisting of alkyl and heteroatom-substi 
tuted alkyl; and X, and X2 (1) are independently selected 
from the group consisting of halogen, cyano, COOR7, 
—S—COR7, —OCOR7, (Wherein R7 is alkyl or aryl), 
amido, —S—C6H5, carbonyl, alkenyl, or alkyl of 1 to 15 
carbon atoms, or (2) taken together, form a ring structure 
With the nitrogen. 

[0101] In a particularly preferred embodiment, the stable 
hindered nitroXyl compound has the structural formula: 

[0102] Wherein R1 and R4 are independently selected from 
the group consisting of hydrogen, alkyl, and heteroatom 
substituted alkyl and R2 and R3 are independently selected 
from the group consisting of alkyl and heteroatom-substi 
tuted alkyl, and the 

m 

[0103] portion represents the atoms necessary to form a 
?ve-, siX-, or seven-membered heterocyclic ring. 

[0104] Accordingly, one of the several classes of cyclic 
nitroXides that can be employed in the practice of the present 
invention can be represented by the folloWing structural 
formula: 
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[0105] Wherein Z1, Z2, and Z3 are independently selected 
from the group consisting of oXygen, sulfur, secondary 
amines, tertiary amines, phosphorus of various oxidation 
states, and substituted or unsubstituted carbon atoms, such 

as >CH2, >CHCH3, >C=O, >C(CH3)2, >CHBr, >CHCl, 
>CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, 
>CHCOOCH3, >CHCOOC2H5, >C(OH)COOC2H5, 
>C(OH)COOCH3, >C(OH)CHOHC2H5, >CR5OR6, 
>CHNR5R6, >CCONR5R6, >C=NOH, >C=CH—C6H5, 
>CF2, >CCl2, >CBr2, >CI2, >CR5PR13R14R15, and the like, 
Where R5 and R6 are independently selected from the group 
consisting of hydrogen, alkyl, aryl, and acyl and R13, R14, 
and R15 are independently selected from the group consist 
ing of unshared electrons, alkyl, aryl, =O, OR16, and 
NR17R18, Where R16, R17, and R18 are independently 
selected from the group consisting of hydrogen, alkyl, and 
aryl. Where R5 and/or R6 are alkyl, it is preferred that they 
be a loWer alkyl (i.e., one having one to ?ve carbon atoms, 
e.g., methyl, ethyl, propyl, butyl, pentyl, and isomers 
thereof). 

[0106] Where R5 and/or R6 are aryl, it is preferred that 
they be aryl of from 6 to 10 carbon atoms, e.g., phenyl or 
naphthyl, Which, in addition, may be substituted With non 
interfering substituents, e.g., loWer alkyl groups, halogens, 
and the like. 

[0107] Where R5 and/or R6 are acyl, it is preferred that 
they be acyl of the structure 

0 

X. 
[0108] Where R19 is alkyl, aryl, ORZO, or NRZOR21 and 
Where R20 and R21 are alkyl, aryl, or 

19 

0 

AR 22 
[0109] Where R22 is alkyl or aryl. Where R19, R20, R21, or 
R22 are alkyl, they are preferably alkyl of from 1 to 15 
carbon atoms, more preferably loWer alkyl of from 1 to 5 
carbon atoms, as described above. Where R19, R20, R21, or 
R22 are aryl, they are preferably aryl of from 6 to 10 carbon 
atoms, as described above. 
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[0110] Another of the several classes of cyclic nitroxides 
that can be employed in the practice of the present invention 
can be represented by the following structural formula: 

[0111] Wherein Z1 and Z2, Which may be the same or 
different, are nitrogen or substituted or unsubstituted carbon 

like, and Where Z3, R5, and R6 are as described above. 

[0112] The cyclic nitroxides employed in the practice of 
the present invention can also be derived from ?ve-mem 
bered rings. These compounds are of the structure: 

[0113] Wherein Z2 and Z3, Which may be the same or 
different, are sulfur, oxygen, secondary arnines, tertiary 
arnines, phosphorus of various oxidation states, or substi 
tuted or unsubstituted carbon atoms, such as, >CH2, 

>CHCH3, >C=O, >C(CH3)2, >CHBr, >CHCl, >CHI, 

>CHNR5R6, >CCONR5R6, >C=NOH, >C=CH—C6H5, 
CF2, CCl2, CBr2, CI2, >CR5PR13R14R15, and the like, 
Wherein the several R groups are as described above. 

[0114] The cyclic nitroxides employed in the practice of 
the present invention can also have the structure: 

RAM 

[0115] Wherein Z4 and Z5, Which can be the same or 
different, can be nitrogen or a substituted or unsubstituted 

=C(CONR5R6)—, and the like, Where R5 and R6 are as 
described above. 
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[0116] Another class of cyclic nitroxides that can be 
employed in the practice of the present invention is of the 
structure: 

0* 
R1 R4 

N 

Rzf km 
Z2_Z3 

[0117] Wherein Z2 and Z3, Which may be the same or 
different, are sulfur, oxygen, secondary arnines, tertiary 
arnines, or substituted or unsubstituted carbon atoms, such 

as, >CH2, >CHCH3, >C=O, >C(CH3)2, >CHBr, >CHCl, 
>CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, 
>CHCOOCH3, >CHCOOC2H5, >C(OH)COOC2H5, 
>C(OH)COOCH3, >C(OH)CHOHC2H5, >CHNR5R, 
>CCONR5R6, >CR5OR6, >C=NOH, >C=CH—C6H5, 
CF2, CCl2, CBr2, CI2, >CR5PR13R14R15, and the like, Where 
the several R groups are as described above. 

[0118] Further, tWo or more nitroxyl groups can be present 
in the same molecule, for example, by being linked through 
one or more of the Z-type rnoieties by a linking group E, as 
disclosed in US. Pat. No. 5,254,760, Which is incorporated 
herein by reference. 

[0119] As stated above, for all the nitroxyl structures 
above, R1 and R4 are independently selected from the group 
consisting of hydrogen, alkyl, and heteroatorn-substituted 
alkyl and R2 and R3 are independently selected from the 
group consisting of alkyl and heteroatorn-substituted alkyl. 
The alkyl (or heteroatorn-substituted alkyl) groups R1 
through R4 can be the same or different and preferably 
contain 1 to 15 carbon atoms, e.g., methyl, ethyl, propyl, 
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, 
dodecyl, tridecyl, tetradecyl, pentadecyl, and the like, and 
isorners thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is 
more preferred that R1 through R4 be independently selected 
loWer alkyl (or heteroatorn-substituted loWer alkyl) of one to 
?ve carbon atoms (e.g., methyl, ethyl, propyl, butyl, pentyl, 
and isorners thereof). Where heteroatorn substituents are 
present, they can, for example, include halogen, oxygen, 
sulfur, nitrogen, and the like. It is most preferred that all of 
R1 through R4 be rnethyl. 

[0120] Examples of suitable nitroxide free radical corn 
pounds that can be used in combination With the hydrogen 
donor or electron acceptor in the practice of the present 
invention, include, but are not limited to: 

[0121] N,N-di-tert-butylnitroxide; 
[0122] N,N-di-tert-arnylnitroxide; 
[0123] N-tert-butyl-2-rnethyl-1 -phenyl-propylnitrox 

ide; 
[0124] N-tert-butyl- 1-diethylphosphono-2,2-dirnethyl 

propylnitroxide; 
[0125] 2,2,6,6-tetrarnethyl-piperidinyloxy; 
[0126] 4-arnino-2,2,6,6-tetrarnethyl-piperidinyloxy; 
[0127] 4-hydroxy-2,2,6,6-tetrarnethyl-piperidinyloxy; 
[0128] 4-oxo-2,2,6,6-tetrarnethyl-piperidinyloxy; 
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[0183] It is preferred that one member of the combination 
employed in the practice of the present invention be 
4-amino-TEMPO, 4-oXo-TEMPO, 4-hydroXy-TEMPO, or 
TEMPO. 

[0184] Blends of tWo or more of the foregoing, e.g., 
4-amino-TEMPO and 4-oXo-TEMPO, can also be 
employed. 

[0185] Such stable nitroXide free radical compounds can 
be prepared by knoWn methods. (See, for example, US. Pat. 
Nos. 3,163,677; 3,334,103; 3,372,182; 3,422,144; 3,494, 
930; 3,502,692; 3,873,564; 3,966,711; and 4,665,185; Which 
are incorporated herein by reference.) They are suitable for 
use over a Wide range of temperatures, but distillation 
temperatures employed With the ethylenically unsaturated 
monomers that are stabiliZed by the process of the present 
invention typically range from about 60° C. to about 180° 
C., preferably from about 70° C. to about 165° C., and, more 
preferably, from about 80° C. to about 150° C. Such distil 
lations are generally performed at an absolute pressure in the 
range of about 10 to about 1,200 mm of Hg. 

[0186] The ethylenically unsaturated monomer, the pre 
mature polymeriZation and polymer groWth of Which is an 
object of the present invention, can be any such monomer 
for Which unintended polymeriZation and/or polymer 
groWth during its manufacture, storage, and/or distribution is 
a problem. Among those monomers that Will bene?t from 
the practice of the present invention are: styrene, ot-meth 
ylstyrene, styrene sulfonic acid, vinyltoluene, divinylben 
Zenes, polyvinylbenZenes, alkylated styrene, 2-vinylpyri 
dine, acrylonitrile, methacrylonitrile, methyl acrylate, ethyl 
acrylate, methyl methacrylate, ethyl methacrylate, acrylic 
acid, methacrylic acid, butadiene, chloroprene, isoprene, and 
the like. 

[0187] The ethylenically unsaturated monomers Will not 
necessarily be stabiliZed inde?nitely by the presence of the 
inhibitor(s), especially When the monomers are heated as in 
distillation, but they can be considered to be stabiliZed as 
long as A) there is a measurable increase in the time for 
Which they can be heated before the onset of polymeriZation 
and/or polymer groWth in a static system, B) the amount of 
polymer made at a constant temperature remains constant 
over time in a dynamic system, and/or C) the rate of polymer 
groWth is signi?cantly sloWer than When the groWth inhib 
iting system is not present. 

[0188] Those skilled in the art Will understand that, if 
desired, free radical scavengers can also be included in the 
practice of the present invention. For eXample, air or 02, as 
disclosed in US. Pat. Nos. 5,545,782 and 5,545,786, can be 
added, as can the aromatic nitro compounds disclosed in 
US. Pat. No. 5,254,760, the dihetero-substituted benZene 
compounds having at least one transferable hydrogen, e.g., 
a quinone derivative such as the mono-methyl-ether of 
hydroquinone disclosed in European Patent Application 0 
765 856 A1, the iron compounds disclosed in WO 98/25872, 
and other inhibitors, e.g., phenolics and certain inorganic 
salts, Well-knoWn to those skilled in the art. 

[0189] The polymeriZation inhibitor(s) can be introduced 
into the monomer to be protected by any conventional 
method. They can, for eXample, be added as a concentrated 
solution in suitable solvents just upstream from the point of 
desired application by any suitable means. In addition, 
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individual inhibiting components can be injected separately 
into the distillation train along With the incoming feed and/or 
through separate and multiple entry points, provided there is 
an ef?cient distribution of the inhibiting composition. Since 
the inhibitors are gradually depleted during the distillation 
operation, it is generally advantageous to maintain the 
appropriate amount of them in the distillation apparatus by 
adding them during the course of the distillation process. 
Adding inhibitors can be done either on a generally con 
tinuous basis or intermittently, in order to maintain the 
inhibitor concentration above the minimum required level. 

[0190] The total inhibitor concentration should be from 
about 1 to about 2000 ppm versus the monomer being 
inhibited; preferably from about 5 to about 1000 ppm, 
depending on the conditions of use. 

[0191] The ratio of the ?rst component, or blend A (elec 
tron acceptor or hydrogen donor compound or blend thereof) 
to a second component, or blend B (nitroXyl or nitroXyls), 
based on the total of both components is from about 1 to 100 
Wt % A: about 99 to 0 Wt % B; preferably, about 25-75 Wt 
% A: about 75-25 Wt % B; more preferably about 50-75 Wt 
% A: about 50-25 Wt % B. 

[0192] The advantages and the important features of the 
present invention Will be more apparent from the folloWing 
eXamples. 

EXAMPLES 

Procedure for Polymer GroWth Reboiler Test 
Preparation of Feed Solution 

[0193] Tert-butylcatechol (TBC) is removed from com 
mercially available styrene by distillation under vacuum. 
Removal of TBC is veri?ed by caustic titration. The desired 
amount of inhibitor(s) is added to this TBC-free styrene 
either directly or by ?rst making a concentrated solution of 
the inhibitor in TBC-free styrene folloWed by further dilu 
tion With TBC-free styrene. 

Procedure for Polymer GroWth Dynamic Reboiler 
Test 

[0194] A quantity of the Feed Solution containing inhibi 
tor or blend of inhibitors at the desired charge (stated as a 
Wt/Wt total inhibitor to styrene) is added to a round-bottom 
?ask (the Pot). A knoWn quantity of insoluble polymer 
capable of groWing via a living mechanism is placed inside 
the Pot and submersed in the Feed Solution in the Pot. The 
insoluble polymer can be retained in the Pot by any suitable 
means. Typically, the insoluble polymer is securely Wrapped 
in a piece of ?lter paper or Wire mesh and suspended by a 
Wire Within the Pot. Conversely, the Bottoms Stream line (as 
described beloW) can be covered With ?lter paper or mesh to 
prevent insoluble polymer from being removed from the 
Pot. The Pot is placed in a hot oil bath, and the Feed Solution 
in the pot is heated to the desired temperature (usually 130° 
C) and brought to re?uX 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 over a period 
of time called the “residence time” (typically one hour). At 
the same time at Which the fresh Feed Solution How is 
begun, the Bottoms Stream How is also begun. The Bottoms 
Stream is solution in the Pot that is removed at the same rate 
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as the fresh Feed Solution is added. The equal ?oWs of Feed 
and Bottoms Streams causes the quantity in the Pot to 
remain constant over the time of the experiment While 
allowing continuous replenishment of inhibitor. This proce 
dure simulates the Way inhibitors are used in a distillation 
train of a plant producing vinyl monomers. The experiment 
continues with How in and out of the Pot for a speci?ed 
length of time (usually 7 hours). Samples are collected 
hourly from the Bottoms Stream. These samples are ana 
lyZed for polymer content via the methanol turbidity 
method. The amount of polymer in the samples is an 
indication of effectiveness of the inhibitor system being 
tested. 

[0195] After running for the speci?ed length of time, the 
vacuum is released and, if used, the ?lter paper bag of 
polymer is removed. The Pot solution is ?ltered to recover 
any insoluble polymer that may have escaped from the bag. 
Any ?ltered polymer and the polymer in the ?lter paper bag 
are alloWed to dry open to the atmosphere for at least 18 
hours. The polymer can be further dried by placing it in a 
vacuum oven at 40-50° C. under full vacuum for 1-2 hours. 
The polymer is then Weighed. Percent groWth is determined 
by the folloWing equation: 

% groWth=Weight of ?nal insoluble polymer-Weight of 
initial insoluble polymerxlOO Weight of initial 
insoluble polymer 

[0196] LoWer percent groWth numbers indicate increased 
effectiveness of the system to inhibit polymer groWth via a 
“living” mechanism. 

[0197] Preparation of Insoluble Polymer Capable of 
GroWing 
[0198] Tert-butylcatechol (TBC) Was removed from com 
mercially available styrene and from commercially available 
divinylbenZene (DVB) by distillation under vacuum. 
Removal of TBC Was veri?ed by caustic titration. TBC-free 
styrene (50 g), ethylbenZene (49 g), TBC-free DVB (1 g), 
and 4-oxo-TEMPO (0.01 g) Were combined. The mixture 
Was stirred at 130° C. until the mixture polymeriZed to a gel 
(about 3 hours). The gel-like system Was cooled to about 60° 
C., and 2 liters of ethylbenZene Were added. The resulting 
mixture Was stirred for 2 hours at 50° C., ?ltered by vacuum 
?ltration until the gel Was mostly dry, and remaining solvent 
Was removed by evaporation under full vacuum at 50° C. A 
hard, White polymer Was obtained (25 g, 49% yield). 

Procedure for Multi-Pass Reboiler Test 

[0199] Preparation of First Pass Feed Solution: 

[0200] Tert-butylcatechol (TBC) is removed from com 
mercially available styrene by distillation under vacuum. 
Removal of TBC is veri?ed by caustic titration. The desired 
amount of inhibitor(s) is added to this TBC-free styrene 
either directly or by ?rst making a concentrated solution of 
the inhibitor in TBC-free styrene folloWed by further dilu 
tion With TBC-free styrene. 

[0201] Procedure for Reboiler Test (a Dynamic Test): 

[0202] A quantity of the Feed Solution containing inhibi 
tor (blend) at the desired charge (stated as a Wt/Wt total 
inhibitor to styrene) is added to a round-bottom ?ask (the 
Pot) and heated to the desired temperature (usually 130° C.) 
and brought to re?ux by adjusting the pressure/vacuum. 
Once the Pot contents are at temperature, a continuous 
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stream of fresh Feed Solution is begun at a rate that Will add 
the volume of the initial Pot solution to the Pot over a period 
of time called the residence time (typically, one hour). At the 
same time that the fresh Feed Solution How is begun, the 
Bottoms Stream How 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 ?oWs of Feed and 
Bottoms Streams cause the quantity in the Pot to remain 
constant over the time of the experiment, While alloWing 
continuous replenishment of inhibitor. This procedure simu 
lates the Way inhibitors are used in a distillation train of a 
plant producing vinyl monomers. The experiment continues 
with How in and out of the Pot for a speci?ed period of time. 
Typically, the First Pass runs for 10 hours, the Second Pass 
runs for 9 hours, the Third Pass runs for 8 hours, etc. 

[0203] Samples are collected hourly from the Bottoms 
Stream. These samples are analyZed for polymer content via 
the methanol turbidity method. The amount of polymer in 
the samples is an indication of effectiveness of the inhibitor 
system being tested. “Average Polymer Make” is the aver 
age of the polymer content values for samples taken after 4 
hours running. 

[0204] The material left in the Pot at the end of the run is 
quickly removed and cooled, to stop any further polymer 
iZation. The material is then concentrated, if necessary, 
under reduced pressure at 40° C. until the polymer content 
is >5 Wt %. A sample of this polymer solution is then 
analyZed by Gel Permeation Chromatography (GPC) to 
determine the Weighted average molecular Weight (MW) of 
the polymer. 

[0205] Preparation of Second and Third Pass Feed Solu 
tions: 

[0206] The Bottoms Stream from the previous Pass is 
collected except for the material in the Pot at the end of the 
run. The amounts of inhibitor(s) in the First Pass Feed 
Solution and the Bottoms Stream from the First Pass are 
determined by appropriate analytical method(s), e.g., gas 
chromatography. An amount of inhibitor(s) is added to the 
collective Bottoms Stream from the First Pass to increase the 
level of inhibitor(s) in the Bottoms Stream to a level equal 
to that found in the First Pass Feed Solution. An equivalent 
amount of inhibitor(s) is added to the collective Bottoms 
Streams for subsequent Passes. 

[0207] Evaluation of the Results 

[0208] The difference in the “Average Polymer Make” 
made in one Pass versus subsequent Passes is an indication 
of the ability of the inhibiting system to prevent or alloW 
polymer to groW. For example, an increase in the amount of 
polymer made going from one Pass to the next Which is 
roughly equivalent to the amount of polymer made during 
the First Pass is an indication that the inhibiting system 
effectively prevents polymer groWth during recycle. Con 
versely, an increase in the amount of polymer made going 
from one Pass to the next that is dramatically greater (about 
10 times or more) than the amount of polymer made during 
the First Pass is an indication that the inhibiting system does 
not effectively prevent polymer groWth during recycle. 

[0209] The difference in the MW of the polymer made in 
one Pass versus subsequent Passes is an indication of the 
ability of the inhibiting system to prevent or alloW polymer 
to groW. Any signi?cant increase in MW of the polymer made 



US 2005/0113626 A1 

in one Pass versus the previous Pass is an indication that the 
inhibiting system does not prevent polymer growth. The 
closer to Zero the increase in MW, the better the growth 
inhibiting ability of the system. 

[0210] The effectiveness of hydrogen donor systems and 
their blends with nitroxyls is shown in Tables 1 and 4. The 
effectiveness of electron-accepting systems and their blends 
with nitroxyls is shown in Table 2. Examples of Synergistic 
Blends of Donor and Acceptor systems are shown in Table 
3. The ?rst two examples in each of Tables 1-3 are baseline 
examples of nitroxyl inhibitors used alone—conditions that 
are known to allow polymer growth via a “living” mecha 
nism. Under these Polymer Growth Test baseline conditions, 
about 700% growth was observed. All other examples in 
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Tables 1-3 gave less than 700% growth, indicating that those 
systems provided some growth inhibiting activity. 

[0211] The ?rst example in Table 4 is also a baseline 
example of a nitroxyl inhibitor used alone—conditions that 
are known to allow polymer growth via a “living” mecha 
nism. Under these Multi-Pass Test baseline conditions, the 
average polymer make increased 100-fold and the molecular 
weight (MW) of the polymer made increased nearly 10-fold 
over three passes. The other examples in Table 4 gave minor 
increases in average polymer make (versus the baseline 
example) and essentially no change in molecular weight of 
the polymer over three passes, indicating that those systems 
provided signi?cant growth inhibiting activity. 

TABLE 1 

Performance of Hydrogen Donor Systems Using Polymer Growth Test Method 

Inhibitor System 

Growth (% increase in 
weight of insoluble 
polymer after 7 hrs.) 

Inhibitor Charge(s) 
(ppm vs styrene) 

4-oxo-TEMPO (baseline) 
4-hydroxy-TEMPO (baseline) 
4-oxo-TEMPO/diethylhydroxylamine 
4-oxo-TEMPO/diethylhydroxylamine 
4-oxo-TEMPO/cyclohexanoneoxime 
4-oxo-TEMPO/dibenzylhydroxylamine 
4-oxo-TEMPO/DNBP 
DNBP 

DNBP/FDA 
DNBP/FDA (air) 
4-oxo-TEMPO/2,5-di-t-butylhydroquinone 
4-oxo-TEMPO/2,5-di-t-butylhydroquinone 
4-oxo-TEMPO/2,5-di-t-amylhydroquinone 
4-oxo-TEMPO/2,5-di-t-amylhydroquinone 
4-oxo-TEMPO/methylhydroquinone 
4-oxo-TEMPO/4-t-butylhydroquino ne 
4-oxo-TEMPO/4-t-butylcatechol, 
4-oxo-TEMPO/octanethiol 
4-oxo-TEMPO/octanethiol 
4-oxo-TEMPO/2,6-di-t-butyl-4-methylphenol/Cu(I)naphthenate 
4-oxo-TEMPO/dihydroanthracene 
4-oxo-TEMPO/N-t-butyl-Z-benzothiazole-sulfenamide 
4-oxo-TEMPO/N-methyl-4-nitroaniline 

300 684 
300 736 

300/3000 20 
300/600 76 
300/3000 382 
300/600 388 
150/1500 -2 
1500 20 
900/600 11 
900/600 (8 cc/min) -13 
300/3000 175 
300/600 197 
300/900 173 
300/600 275 
300/600 420 
300/300 464 
300/3000 56 
300/3000 220 
300/1500 420 
300/3000/150 416 
300/3000 524 
300/3000 532 
300/3000 53:; 

PDA = N-phenyl-N'-(1,4-dimethylpentyl)-para-phenylenediamine 
DNBP = 2,4-dinitro-6-sec-butylphenol 

[0212] 

TABLE 2 

Performance of Electron Acceptor Systems Using Polymer Growth Test Method 

Inhibitor System 

Growth (% increase in 
weight of insoluble 
polymer after 7 hrs.) 

Inhibitor Charge(s) 
(ppm vs styrene) 

4-oxo-TEMPO (baseline) 
4-hydroxy-TEMPO (baseline) 
4-oxo-TEMPO/phenylacetylene 
4-oxo-TEMPO/2,5-di-t-butyl-1,4-benzoquinone 
4-oxo-TEMPO/2,5-di-t-butyl-1,4-benzoquinone 
4-oxo-TEMPO/2,6-di-t-butyl-1,4-benzoquinone 
4-oxo-TEMPO/1,4-benzoquinone 
4-oxo-TEMPO/2-methylanthraquinone 
4-oxo-TEMPO/1,4-naphthoquinone 
4-oxo-TEMPO/2,6-di-t-butyl-4-(phenylmethylene)-2,5 
cyclohexadiene-l-one 

300 684 
300 736 

300/3000 540 
300/3000 96 
300/600 180 
150/1500 358 
300/600 136 
300/600 235 
300/600 308 
150/1500 14 

2,6-di-t-butyl-4-(phenylmethylene)-2,5-cyclohexadiene-1-one 1500 40 
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TABLE 2-continued 
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Performance of Electron Acceptor Systems Using Polymer Growth Test Method 

Inhibitor Charge(s) 
(ppm vs styrene) Inhibitor System 

GroWth (% increase in 
Weight of insoluble 
polymer after 7 hrs.) 

cycloheXadienylidene)—heXane—1,6-dioate 

396 

525 

[0213] 

TABLE 3 

Performance of Synergistic Blends of Donors and Acceptors 
Using Polymer GroWth Test Method 

Inhibitor Charge(s) 
(ppm vs styrene) Inhibitor System 

GroWth (% increase in 
Weight of insoluble 
polymer after 7 hrs.) 

4-oXo-TEMPO (baseline) 300 
4-hydroxy-TEMPO (baseline) 300 
4-oXo—TEMPO/2,5—di-t-butylhydroquinone 300/ 600 
4—oXo—TEMPO/2,5—di—t—butyl—1,4-benzoquinone 300/600 
4-oXo—TEMPO/2,5—di—t-butylhydroquinone/2,5—di—t-butyl-1,4- 300/150/450 
benzoquinone 
4-oXo—TEMPO/2,5—di—t-butylhydroquinone/2,5—di—t-butyl-1,4- 300/60/540 
benzoquinone 

684 
736 
197 
180 
112 

128 

[0214] 

TABLE 4 

Performance of Hydrogen Donor Systems Using 
the Multi-Pass Test Method 

Average Polymer 
Inhibitor System/Pass Make (Wt %) MW of Polymer 

300 ppm 4-oXo-2,2,6,6-tetramethyl-1-piperidinyloxy (4-oXo-TEMPO) 

Pass 1 0.052 3,910 
Pass 2 1.45 17,000 
Pass 3 7.45 31,700 

45 ppm 4-oXo-TEMPO; 420 ppm PDA; 900 ppm DNBP; 3 cc/min air 

Pass 1 0.026 1,430 
Pass 2 0.150 1,330 
Pass 3 0.363 1,760 

48 ppm 4-oXo-TEMPO; 1125 ppm DNBP 

Pass 1 0.146 3,840 
Pass 2 0.485 4,340 
Pass 3 0.640 4,120 

PDA = N-phenyl-N'—(1,4—dimethylpentyl)—para-phenylenediamine 
DNBP = 2,4-dinitro-6-sec-butylphenol 

[0215] In vieW of the many changes and modi?cations 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. 

What is claimed is: 
1. A method for inhibiting the premature polymerization 

and the polymer groWth of ethylenically unsaturated mono 

mers comprising adding to said monomers an effective 
amount of at least one inhibitor that is a hydrogen donor 
selected from the group consisting of: 

(A) a compound of the structure 

R100 \ N/ R101 

OH 

Wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 
seven members, and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members; 

(B) a compound of the structure 

R100 
| 

HO C % \ 
N R101 
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wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 
seven members, and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members; 

(C) a compound of the structure 

R113 

R114+SH 
R115 

Wherein 

R113, R114, and R115 are independently selected from the 
group consisting of hydrogen, alkyl, aryl, cycloalkyl, 
and heterocyclic moieties; and 

(D) a compound of the structure 

R116 R123 

R117 R122 

R118 R121 

R119 R120 

Wherein 

R116’ R117> R118’ R119> R120> R121> R122 and R123 are 
independently selected from the group consisting of 
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substi 
tuted alkyl, substituted aryl, ORllo, NRlloRlll, SRllo, 
NO2, NO, CN, COR112, halogen, and/or any tWo adja 
cent groups can be taken together to form ring struc 
ture(s) of ?ve to seven members, 

R110 and R111 are independently selected from the group 
consisting of hydrogen, alkyl, aryl, benZyl, cyclic, 
heterocyclic, substituted alkyl or aryl Where the sub 
stituents are C, O, N, S, or P, and COR102 or R110 and 
R111 can be taken together to form a ring structure of 
?ve to seven members, 

R112 15 R102 OR102> or NR102R103> and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 
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2. The method of claim 1 Wherein the inhibitor is of the 
structure 

R100 \ N/ R101 

OH 

Wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 

seven members; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

3. The method of claim 1 Wherein the inhibitor is of the 
structure 

Wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 

seven members; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

4. The method of claim 1 Wherein the inhibitor is of the 
structure 

R113 

R114+SH 
R115 

Wherein R113, R114, and R115 are independently selected 
from the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, and heterocyclic moieties. 
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5. The method of claim 1 wherein the inhibitor is of the 
structure 

R116 R123 

R117 R122 

R118 R121 

R119 R120 

Wherein 

R116’ R117> R118’ R119> R120> R121> R122 and R123 are 
independently selected from the group consisting of 
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substi 
tuted alkyl, substituted aryl, ORllo, NRlloRlll, SRllo, 
NO2, NO, CN, COR112, halogen, and/or any tWo adja 
cent groups can be taken together to form ring struc 
ture(s) of ?ve to seven members; 

R110 and R111 are independently selected from the group 
consisting of hydrogen, alkyl, aryl, benZyl, cyclic, 
heterocyclic, substituted alkyl or aryl Where the sub 
stituents are C, O, N, S, or P, and COR102 or R110 and 
R111 can be taken together to form a ring structure of 
?ve to seven members; 

R112 15 R102> OR102> or NR102R103; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

6. The method of claim 1 Wherein the inhibitor is selected 
from the group consisting of diethylhydroXylamine, cyclo 
heXanoneoXime, dibenZylhydroXylamine, 2,4-dinitro-6-sec 
butylphenol, N-phenyl-N‘-(1 ,4-dimethylpentyl) -p ara-phe 
nylenediamine, 2,5 -di-t-butylhydroquinone, 2,5 -di-t 
amylhydroquinone, methylhydroquinone, 4-t 
butylhydroquinone, 4-t-butylcatechol, octanethiol, 2,6-di-t 
butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, 
N-t-butyl-2-benZothiaZole-sulfenamide, and N-methyl-4-ni 
troaniline. 

7. The method of claim 1 Wherein a transition metal is 
added. 

8. The method of claim 7 Wherein the transition metal is 
copper. 

9. A method for inhibiting the premature polymeriZation 
and the polymer groWth of ethylenically unsaturated mono 
mers comprising adding to said monomers 

(A) at least one ?rst inhibitor that is a hydrogen donor 
selected from the group consisting of: 

(1) a compound of the structure 

R100 \ N/ R101 

OH 

16 
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Wherein 

R100 and R101 are independently selected from the 
group consisting of hydrogen, alkyl, alkylidene, ben 
Zylidene, aryl, benZyl, COR102, COOR1O2, 
CONR1O2R1O3, cyclic, heterocyclic, and substituted 
alkyl or aryl Where the substituents are C, O, N, S, or 
P, or R100 and R101 can be taken together to form a 
ring structure of ?ve to seven members, and 

R102 and R103 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 R102 
and R103 can be taken together to form a ring 
structure of ?ve to seven members; 

(2) a compound of the structure 

R100 

HO 

Wherein 

R100 and R101 are independently selected from the 
group consisting of hydrogen, alkyl, alkylidene, ben 
Zylidene, aryl, benZyl, COR102, COOR1O2, 
CONR1O2R1O3, cyclic, heterocyclic, and substituted 
alkyl or aryl Where the substituents are C, O, N, S, or 
P, or R100 and R101 can be taken together to form a 
ring structure of ?ve to seven members, and 

R102 and R103 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 R102 
and R103 can be taken together to form a ring 
structure of ?ve to seven members; 

(3) a compound of the structure 

R113 

R114+SH 
R115 

Wherein 

R113, R114, and R115 are independently selected from 
the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, and heterocyclic moieties; and 

(4) a compound of the structure 

R116 R123 

R117 R122 

R118 R121 

R119 R120 
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wherein 

R116’ R117> R118’ R119> R120> R121> R122> and R123 are 
independently selected from the group consisting of 
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, sub 
stituted alkyl, substituted aryl, ORllo, NRlloRlll, 
SRllo, NO2, NO, CN, COR112, halogen, and/or any 
tWo adjacent groups can be taken together to form 
ring structure(s) of ?ve to seven members, 

R110 and R111 are 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 COR102 or 
R110 and R111 can be taken together to form a ring 
structure of ?ve to seven members, 

R112 15 R102> OR102> or NR102R103> and 

R102 and R103 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 R102 
and R103 can be taken together to form a ring 
structure of ?ve to seven members; and 

(B) at least one second inhibitor having the folloWing 
structural formula: 

Wherein 

R1 and R4 are independently selected from the group 
consisting of hydrogen, alkyl, and heteroatom-substi 
tuted alkyl, 

R2 and R3 are independently selected from the group 
consisting of alkyl and heteroatom-substituted alkyl, 
and 

X1 and X2 

(1) are independently selected from the group consist 
ing of halogen, cyano, amido, —S—C6H5, carbonyl, 
alkenyl, alkyl of 1 to 15 carbon atoms, COOR7, 
—S—COR7, and —OCOR7, Wherein R7 is alkyl or 
aryl, or 

(2) taken together, form a ring structure With the 
nitrogen. 

10. The method of claim 9 herein the ?rst inhibitor is of 
the structure 

R100 \ / R101 

OH 

Wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
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aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 
seven members; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

11. The method of claim 9 Wherein the ?rst inhibitor is of 
the structure 

Wherein 

R100 and R101 are independently selected from the group 
consisting of hydrogen, alkyl, alkylidene, benZylidene, 
aryl, benZyl, COR102, COOR1O2, CONR1O2R1O3, 
cyclic, heterocyclic, and substituted alkyl or aryl Where 
the substituents are C, O, N, S, or P, or R100 and R101 
can be taken together to form a ring structure of ?ve to 
seven members; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

12. The method of claim 9 Wherein the ?rst inhibitor is of 
the structure 

R113 

R114+SH 
R115 

Wherein R113, R114, and R115 are independently selected 
from the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, and heterocyclic moieties. 

13. The method of claim 9 Wherein the ?rst inhibitor is of 
the structure 

R116 R123 

R117 R122 

R118 R121 

R119 R120 

Wherein 

R116’ R117> R118, R119> R120> R121> R122> and R123 are 
independently selected from the group consisting of 
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hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substi 
tuted alkyl, substituted aryl, ORUO, NRlloRlll, SR110, 
N02, NO, CN, COR112, halogen, and/or any tWo adja 
cent groups can be taken together to form ring struc 
ture(s) of ?ve to seven members; 

R110 and R111 are independently selected from the group 
consisting of hydrogen, alkyl, aryl, benZyl, cyclic, 
heterocyclic, substituted alkyl or aryl Where the sub 
stituents are C, O, N, S, or P, and COR102 or R110 and 
R111 can be taken together to form a ring structure of 
?ve to seven members; 

R112 15 R102>OR102> or NR102R103; and 

R102 and R103 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 R102 and R103 can 
be taken together to form a ring structure of ?ve to 
seven members. 

14. The method of claim 9 Wherein the ?rst inhibitor is 
selected from the group consisting of diethylhydroXylamine, 
cycloheXanoneoXime, dibenZylhydroXylamine, 2,4-dinitro 
6-sec-butylphenol, N-phenyl-N‘-(1,4-dimethylpentyl)-para 
phenylenediamine, 2,5-di-t-butylhydroquinone, 2,5-di-t 
amylhydroquinone, methylhydroquinone, 4-t 
butylhydroquinone, 4-t-butylcatechol, octanethiol, 2,6-di-t 
butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, 
N-t-butyl-2-benZothiaZole-sulfenamide, and N-methyl-4-ni 
troaniline. 

15. The method of claim 9 Wherein a transition metal is 
added. 

16. The method of claim 15 Wherein the transition metal 
is copper. 

17. The method of claim 9 Wherein the second inhibitor is 
of the structure 

Wherein R1 and R4 are independently selected from the 
group consisting of hydrogen, alkyl, and heteroatom-substi 
tuted alkyl and R2 and R3 are independently selected from 
the group consisting of alkyl and heteroatom-substituted 
alkyl, and the 

A 
portion represents the atoms necessary to form a ?ve-, siX-, 
or seven-membered heterocyclic ring. 

18. The method of claim 17 Wherein the second inhibitor 
contains one or more nitroXyls selected from the group 
consisting of: 

N,N-di-tert-butylnitroXide; 

N,N-di-tert-amylnitroXide; 

N-tert-butyl-2-methyl-1 -phenyl-propylnitroXide; 
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N-tert-butyl- 1-diethylphosphono -2,2-dimethylpropylni 
troXide; 

2,2,6,6-tetramethyl-piperidinyloXy; 
4-amino-2,2,6,6-tetramethyl-piperidinyloXy; 
4-hydroXy-2,2,6,6-tetramethyl-piperidinyloXy; 
4-oXo-2,2,6,6-tetramethyl-piperidinyloXy; 
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloXy; 
4-ethanoyloXy-2,2,6,6-tetramethyl-piperidinyloXy; 
2,2,5 ,5 -tetramethylpyrrolidinyloXy; 
3-amino-2,2,5,5-tetramethylpyrrolidinyloXy; 
2,2,4,4-tetramethyl- 1-oXa-3-aZacyclopentyl-3-oXy; 
2,2,4,4-tetramethyl- 1-oXa-3 -pyrrolinyl- 1-oXy-3 -carboXy 

lic acid; 

2,2,3,3,5 ,5 ,6,6-octamethyl- 1,4-diaZacycloheXyl- 1,4-di 
OXY; 

4-bromo-2,2,6,6-tetramethyl-piperidinyloXy; 
4-chloro-2,2,6,6-tetramethyl-piperidinyloXy; 
4-iodo-2,2,6,6-tetramethyl-piperidinyloXy; 
4-?uoro-2,2,6,6-tetramethyl-piperidinyloXy; 
4-cyano-2,2,6,6-tetramethyl-piperidinyloXy; 
4-carboXy-2,2,6,6-tetramethyl-piperidinyloxy; 
4-carbomethoXy-2,2,6,6-tetramethyl-piperidinyloXy; 
4-carbethoXy-2,2,6,6-tetramethyl-piperidinyloXy; 
4-cyano-4-hydroXy-2,2,6,6-tetramethyl-piperidinyloXy; 
4-methyl-2,2,6,6-tetramethyl-piperidinyloXy; 
4-carbethoXy-4-hydroXy-2,2,6,6-tetramethyl-piperidiny 

loXy; 
4-hydroXy-4-(1 -hydroXypropyl)-2,2,6,6-tetramethyl-pip 

eridinyloXy; 
4-methyl-2,2,6,6-tetramethyl-1 ,2,5 ,6-tetrahydropyridine 

1-oXyl; 
4-carboXy-2,2,6,6-tetramethyl- 1,2,5 ,6-tetrahydropyri 

dine- 1-oXyl; 

4-carbomethoXy-2,2,6,6-tetramethyl-1 ,2,5 ,6-tetrahydro 
pyridine- 1 -oXyl; 

4-carbethoXy-2,2,6,6-tetramethyl-1 ,2,5,6-tetrahydropyri 
dine- 1-oXyl; 

4-amino-2,2,6,6-tetramethyl- 1,2,5 ,6-tetrahydropyridine 
1-oXyl; 

4-amido-2,2,6,6-tetramethyl- 1,2,5 ,6-tetrahydropyridine 
1-oXyl; 

3,4-diketo-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-keto -4-oXimino-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-keto -4-benZylidine-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-keto -4,4-dibromo-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

2,2,3,3,5 ,5 -heXamethylpyrrolidinyloXy; 

3-carboXimido -2,2,5 ,5 -tetramethylpyrrolidinyloXy; 
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3-oXimino-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-hydroXy-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-cyano -3-hydroXy-2,2,5 ,5 -tetramethylpyrrolidinyloXy; 

3-carbomethoXy-3-hydroXy-2,2,5,5-tetramethylpyrrolidi 
nyloXy; 

3-carbethoXy-3-hydroXy-2,2,5 ,5 -tetramethylpyrrolidiny 
loXy; 

2,2,5 ,5 -tetramethyl-3-carboXamido-2,5 -dihydropyrrole 
1 -oXyl; 

2,2,5 ,5 -tetramethyl-3-amino-2,5 -dihydropyrrole-1 -oXyl; 

2,2,5 ,5 -tetramethyl-3-carbethoXy-2,5 -dihydropyrrole- 1 - 
oXyl; 

2,2,5 ,5 -tetramethyl-3-cyano-2,5 -dihydropyrrole- 1 -oXyl; 

bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate; 
bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl) adipate; 
bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)seb acate; 

bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylma 
lonate; 

bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate; 
bis(1-oXy-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate; 
bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)terephtha 

late; 
bis(1-oXyl-2,2,6,6-tetramethylpiperidin-4-yl)heXahydrot 

erephthalate; 

N,N‘-bis(1 -oXyl-2,2,6,6-tetramethylpiperidin-4-yl)adipa 
mide; 

N-(1 -oXyl-2,2,6,6-tetramethylpiperidin-4-yl) -caprolac 
tam; 

N-(1 -oXyl-2,2,6,6-tetramethylpiperidin-4-yl) -dodecyl 
succinimide; 

2,4,6-tris-[N-butyl-N-(1 -oXyl-2,2,6,6-tetramethylpiperi 
din-4-yl)]-s-triaZine; and 

4,4‘-ethylenebis(1-oXyl-2,2,6,6-tetramethylpiperaZin-3 
one). 

19. A composition comprising: 

(A) at least one ?rst inhibitor that is a hydrogen donor 
selected from the group consisting of: 

(1) a compound of the structure 

R100 \ N/ R101 

OH 

Wherein 

R100 and R101 are independently selected from the 
group consisting of hydrogen, alkyl, alkylidene, ben 
Zylidene, aryl, benZyl, COR102, COOR1O2, 
CONR1O2R1O3, cyclic, heterocyclic, and substituted 
alkyl or aryl Where the substituents are C, O, N, S, or 
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P, or R100 and R101 can be taken together to form a 
ring structure of ?ve to seven members, and 

R102 and R103 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 R102 
and R103 can be taken together to form a ring 
structure of ?ve to seven members; 

(2) a compound of the structure 

R100 

Wherein 

R100 and R101 are independently selected from the 
group consisting of hydrogen, alkyl, alkylidene, ben 
Zylidene, aryl, benZyl, COR102, COOR1O2, 
CONR1O2R1O3, cyclic, heterocyclic, and substituted 
alkyl or aryl Where the substituents are C, O, N, S, or 
P, or R100 and R101 can be taken together to form a 
ring structure of ?ve to seven members, and 

R102 and R103 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 R102 
and R103 can be taken together to form a ring 
structure of ?ve to seven members; 

(3) a compound of the structure 

R113 

R114+SH 
R115 

Wherein 

R113, R114, and R115 are independently selected from 
the group consisting of hydrogen, alkyl, aryl, 
cycloalkyl, and heterocyclic moieties; and 

(4) a compound of the structure 

R116 R123 

R117 R122 

R118 R121 

R119 R120 

Wherein 

R116’ R117> R18, R19> R120> R121> R122> and R123 are 
independently selected from the group consisting of 
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, sub 




