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(57) ABSTRACT 

Compositions and methods for inhibiting polymerization of 
ethylenically unsaturated monomers are provided. The com 
positions include a water-Soluble phenylenediamine compo 
Sition. 
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WATER-SOLUBLE PHENYLENEDLAMINE 
COMPOSITIONS AND METHODS FOR 

STABILIZING ETHYLENICALLY UNSATURATED 
COMPOUNDS AND MONOMERS 

FIELD OF THE INVENTION 

0001. The present invention relates to water-soluble phe 
nylenediamine compositions and methods for inhibiting 
polymerization of ethylenically unsaturated hydrocarbons. 

BACKGROUND OF THE RELATED 
TECHNOLOGY 

0002. During the refining process, hydrocarbon streams 
are frequently exposed to elevated temperatures, which can 
lead to premature polymerization of the desired monomer. 
The premature polymerization results in reduction of the 
amount of the desired monomer end-products as well as a 
loSS in efficiency caused by fouling and deposit formation 
within the processing equipment. 
0003. In order to reduce or prevent polymer formation, 
Stabilizing or inhibitor compositions have been introduced 
into the hydrocarbon Stream at or upstream of a location 
where polymerization is likely to occur, Such as where 
distillation is performed. 
0004 Phenylenediamines (PDA's) are widely used as 
antioxidants and polymerization inhibitors. However, their 
use is limited to hydrocarbon streams where the PDA is 
Soluble. A number of patents relate to the use of various 
PDAs, combinations of different PDA's and combinations 
of PDA's with other inhibitors to stabilize hydrocarbon 
fluids. 

0005 Among these patents is U.S. Pat. No. 6,200,461 to 
Eldin which describes methods and compositions for inhib 
iting the polymerization of ethylenically unsaturated hydro 
carbons under both processing and Storage conditions by the 
addition of combinations of aminophenol compounds and 
either PDA or hydroxylamine. Other combinations have also 
been used. These include inhibitor combinations containing 
a PDA with an oxime compound and a hydroxylamine as 
shown in U.S. Pat. No. 5,489,718 to Arhancet. Other 
examples include the combination of a PDA and a hydroxy 
lamine as shown in U.S. Pat. No. 5,396,004 to Arhancet and 
a PDA with a hydroxytoluene compound as shown in U.S. 
Pat. No. 5,416.258 to Arhancet et al. 
0006 Examples of specific PDA compounds may be 
found in U.S. Pat. No. 4,929,778 to Roling which describes 
compositions including a PDA compound which has at least 
one N-H bond and a hindered phenol useful for inhibiting 
the polymerization of Styrene during elevated temperature 
processing, storage and shipment. U.S. Pat. No. 4,774,374 to 
Abruscato et al. discloses an oxygenated Species formed by 
the reaction of oxygen and an N-aryl-N'-alkyl-p-phenylene 
diamine. 

0007 While each of these references provides composi 
tions and methods that reduce premature polymerization of 
ethylenically unsaturated monomers, they are generally lim 
ited to hydrocarbon processing and Storage where they are 
Soluble, which does not include where water is present. 
Therefore, the currently available PDA inhibitors do not 
adequately address the concerns of the prevention of pre 
mature polymerization of a monomers with water-Solubility, 
where a water phase is present. 
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0008. Therefore, it would be desirable to provide a water 
Soluble composition for the reducing and or preventing the 
polymerization of ethylenically unsaturated monomers. 
Desirably, the composition will include a water-soluble 
phenylenediamine composition which acts as an antioxi 
dant/free-radical polymerization inhibitor. 

SUMMARY OF THE INVENTION 

0009. The present invention provides a water-soluble 
phenylenediamine composition which also functions as an 
antioxidant/free-radical polymerization inhibitor. The com 
pounds are of the following formula: 

0010 wherein at least one of R', R, and R is 

R5 

OH: 

0.011) R', Rand Rare independently selected from 
H, alkyl, hydroxyalkyl, -O-R, -S-R, 
-C(O)R, -C(S)R, -N-(R')(R), aryl, and 

R5 

OH: 

0012 R is selected from the group consisting of H, 
alkyl, hydroxyalkyl, O, S, -O-R, -S-R, 
-N-(R)(R), and aryl; 

0013 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, -CN, -NO, -O-R, -S-R, and 
-N(R)(R); and 

0014) R, R7 and Rare independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryl and heterocy 
clo. Desirably, the compound corresponds the fol 
lowing formula: 
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0.015 The compounds of formula (I), above, may be 
added to a composition including an ethylenically unsatur 
ated monomer to produce a composition resistant to poly 
merization. The addition of the water-soluble phenylenedi 
amine composition of the present invention to the monomer 
composition may occur during Synthesis or processing or 
Storage of the composition. 
0016. The compounds of the present invention include a 
reaction product of a phenylenediamine compound of the 
following formula: 

0017 wherein at least one of R, R and R is H; 
0018) R', Rand Rare independently selected from 
the group consisting of, alkyl, hydroxyalkyl, 
-O-R, -S-R, -C(O)R, -C(S)R, 
-N-(R)(R), and aryl; 

0019 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, CN-NO, O-R, S-R, and 
-N(R)(R); and 

0020) R, R7 and Rare independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryland heterocy 
clo, 

0021 with a heterocylic compound of the following 
formula: 

R&A O 

0022 wherein R is selected from the group con 
sisting of H, alkyl, hydroxyalkyl, -O-R, 
-S-R, -N-(R)(R), and aryl. 

0023. Another aspect of the present invention provides a 
method of preparing a water-Soluble phenylenediamine 
composition including the Step of reacting a phenylenedi 
amine compound of the following formula: 

Z. 

R1 == H 

/ \ / \, 
0024 wherein at least one of R, R and R is H and 

0.025) R', Rand Rare independently selected from 
the group consisting of, alkyl, hydroxyalkyl, 
-O-R, -S-R, -C(O)R, -C(S)R, 
-N-(R)(R), and aryl; 
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0026 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, -CN, -NO, -O-R, -S-R, and 
-N(R)(R); and 

0027) R, R7 and Rare independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryl and heterocy 
clo, 

0028 with a heterocylic compound of the following 
formula: 

R NA, 
0029) wherein R is selected from the group con 
sisting of H, alkyl, hydroxyalkyl, -O-R, 
-S-R, -N-(R)(R), and aryl. Desirably, the 
phenylenediamine compound is 1,4-phenylenedi 
amine. 

0030) A further aspect of the present invention provides 
a method of reducing or inhibiting fouling and deposit 
formation during hydrocarbon processing including the Step 
of administering an effective amount of one or more water 
Soluble compounds of the following formula to a hydrocar 
bon Stream at or upstream of a location where Said fouling 
and/or said deposit formation may occur: 

Z. 

R1 == H 

X-()-( / \ A Ye, 
0031 wherein at least one of R', R, and R is 

R5 

OH: 

0032) R', Rand Rare independently selected from 
H, C-Cls alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), aryl, and 

R5 

OH: 

0033 R is selected from the group consisting of H, 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R')(R), and aryl; 

0034 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, CN, NO, O-R, S-R, and 
-N(R7)(R); 
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0035) R, R7 and Rare independently selected form 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryland heterocy 
clo; and wherein 

0036 said composition is water-soluble. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037. The present invention includes compounds of the 
formula: 

0038 wherein the NHR group may be present in 
any of the Ortho, para, and meta positions, 

0039) at least one of R', R, and R is 

R5 

o ch-( 
OH: 

0040 R', Rand Rare independently selected from 
H, alkyl, hydroxyalkyl, -O-R, -S-R, 
-C(O)R, —C(S)R, -N-(R)(R), aryl, and 

R5 

o CH-( 
OH: 

0041) R' is selected from the group consisting of H, 
alkyl, hydroxyalkyl, O, S, -O-R, -S-R, 
-N-(R)(R), and aryl; 

0042 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, CN, NO, O-R, S-R, and 
-N(R)(R); and 

0.043) R, R7 and Rare independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryland heterocy 
clo. Desirably, the Second amine group is in the para 
position, corresponding to the following formula: 
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0044) The term “alkyl is meant to include substituted or 
unsubstituted, Straight or branched chain Saturated hydro 
carbon groups, desirably having 1 to 20 carbons in the main 
chain. Examples of unsubstituted groups include methyl, 
ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, 
hexyl, isohexyl, heptyl, 4,4-dimethyl pentyl, octyl, 2,2,4- 
trimethylpentyl, nonyl, decyl, undecyl, dodecyl, and the like. 
Substituents may include halogen, hydroxy, or aryl groups. 

004.5 The term “hydroxyalkyl is meant to include an 
alkyl group as described above with at least one hydroxy 
group Substituent. 

0046) The term “alkenyl' is meant to include substituted 
or unsubstituted, Straight or branched chain hydrocarbon 
groups including at least one carbon to carbon double bond 
in the chain, and desirably including 2 to 10 carbons in the 
normal chain. Examples of Such unsubstituted alkenyl 
groups include ethenyl, propenyl, isobutenyl, butenyl, pen 
tenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the 
like. Substituents may include those as described above. 
0047 The term “alkynyl', is meant to include substituted 
or unsubstituted, Straight and branched chain hydrocarbon 
groups including at least one carbon to carbon triple bond in 
the chain, and preferably having 2 to 10 carbons in the 
normal chain. Examples of Such unsubstituted groups 
include ethynyl, propynyl, butynyl, pentynyl, heXynyl, hep 
tynyl, octynyl, nonynyl, decynyl, and the like. Substituents 
may include those as described above. 
0048. The term “cycloalkyl is meant to include substi 
tuted or unsubstituted, Saturated cyclic hydrocarbon ring 
Systems, preferably containing 1 to 3 rings and 3 to 7 
carbons per ring. Exemplary unsubstituted Such groups 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and ada 
mantyl. Exemplary Substituents include one or more alkyl 
groups as described above, or one or more groups described 
above as alkyl Substituents. 
0049. The term “cycloalkenyl' is meant to include hydro 
carbon ring Systems which may be Substituted or unsubsti 
tuted as described above for cycloalkyl, further containing at 
least one carbon to carbon double bond forming a partially 
unsaturated ring. These may also include Substituents as 
described above. 

0050. The terms “heterocyclo” or “heterocyclic” are 
meant to include Substituted or unsubstituted, fully Saturated 
or unsaturated, aromatic or non-aromatic cyclic groups 
having at least one heteroatom (Such as N, O, and S) in at 
least one ring, desirably monocyclic or bicyclic groups 
having 3-6 atoms in each ring. The heterocyclo group may 
be bonded through any carbon or heteroatom of the ring 
System. Examples of heterocyclic groups include, without 
limitation, thienyl, furyl, pyrrolyl, pyridyl, imidazolyl, pyr 
rolidinyl, piperidinyl, azepinyl, indolyl, isolindolyl, quinoli 
nyl, isoquinolinyl, benzothiazolyl, benzoxazolyl, benzimi 
dazolyl, benzoxadiazolyl, and benzofurazanyl. These may 
also include Substituents as described above. 

0051. The term “aryl' is meant to include substituted or 
unsubstituted monocyclic, bicyclic or tricyclic aromatic 
groups, desirably including one or two rings which contain 
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only carbon ring atoms and 6 to 12 ring carbons. The term 
“aryl” can also refer to an aryl group fused to a monocyclic 
cycloalkyl or monocyclic heterocycle in which the point(s) 
of attachment is/are on the aromatic portion. Examples of 
aryl groups include phenyl, biphenyl, and naphthyl. Aryl 
rings fused to cycloalkyls are include indanyl, indenyl, and 
tetrahydronaphthyl. Examples of aryl groups fused to het 
erocyclic groups include 2,3-dihydrobenzofuranyl, ben 
Zopyranyl, 1,4-benzodioxanyl, and the like. Substituents 
may include those as described above as well as nitro 
groupS. 

0.052 The water-soluble phenylenediamine compounds 
of the present invention may be formed by the reaction of a 
phenylenediamine compound of the following formula: 

Z. 

R1 == H 

/ \ / \, 
0053 wherein at least one of R, R and R is H; 
0054) R', Rand Rare independently selected from 
the group consisting of, alkyl, hydroxyalkyl, 
-O-R, -S-R, -C(O)R, -C(S)R, 
-N-(R)(R), and aryl; 

0055 Z comprises one or more substituents selected 
from the group consisting of hydrogen, alkyl, alk 
enyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, hetero 
cyclo, -CN, -NO, -O-R, -S-R, and 
-N(R)(R); and 

0056 R, R7 and Rare independently selected from 
the group consisting of hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkenyl, aryland heterocy 
clo, 

0057 with a heterocylic compound of the following 
formula: 

R&A O s 

0058 wherein R is selected from the group con 
sisting of H, alkyl, hydroxyalkyl, -O-R, 
-S-R, -N-(R)(R), and aryl. Desirably, the 
heterocyclic compound is propylene oxide or buty 
lene oxide. 

0059. This reaction produces a mixture of reaction prod 
ucts that may be separated by any of a variety of means 
known in the art, including chromatography. For example, 
the reaction of 1,4-phenylenediamine with the Substituted 
heterocyclic compound may produce a mixture of five 
different products as shown in the following reaction 
Scheme: 
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R5 R5 R5 

OH HO OH 

R5 

H ) V M 
HO N N R5 

R5 OH 

HO 

R5 

R5 HO 

HO -()- R5 
R5 OH 

HO 

R5 

H ) V M 
HO N N 

V 
H 

R5 

HO 

0060 Similarly, where the phenylenediamine starting 
material includes a non-hydrogen Substitution, the products 
of the reaction with the Substituted heterocyclic compound 
are shown by the reaction Scheme as shown below. 

OH HO OH 
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-continued 
R5 

HO 

R1 R1 H 

N N R5 N N 

\ { V H 
OH R5 

HO HO 

0061 The reaction of 1,4-phenylenediamine with propy 
lene oxide will also produce a mixture of products which 
include N,N'-dihydroxypropylphenylenediamine, N,N-dihy 
droxypropylphenylenediamine, N-hydroxypropylphe 
nylenediamine, N,N,N'-trihydroxypropylphenylenediamine, 
and N,N,N',N'-tetrahydryoxypropylphenylenediamine. 

0062) The phenylenediamine compounds of the present 
invention are useful as antioxidant/free-radical polymeriza 
tion inhibitors. In other words, they are useful to stabilize 
hydrocarbon compositions including ethylenically unsatur 
ated monomers by inhibiting polymerization. They are use 
ful as inhibitors under both process and Storage conditions 
including where the monomers are Subjected to elevated 
temperatures, for example up to about 125 C. 
0063. The water-soluble phenylenediamine compositions 
are useful with a variety of ethylenically unsaturated mono 
mers. These include, but are not limited to Vinyl aromatic 
compounds Such as Styrene, Substituted Styrene, divinylben 
Zene, Vinyl toluene, and vinyl naphthalene, and other eth 
ylenically unsaturated monomerS Such as acrylic acid, alkyl 
acrylates, acrylonitrile, butadiene, dicyclopentadiene, 
cyanoacrylates, isoprene, and propylene. 

0064. For the methods of the present invention, the useful 
water-Soluble phenylenediamine compositions will retain at 
least one “-NH group for effective polymerization inhi 
bition. The effective amount of the water-soluble phenylene 
diamine composition having at least one “-NH group used 
in the methods of the present invention as a polymerization 
inhibitor is that amount which is Sufficient to affect inhibi 
tion of polymerization and will vary according to the con 
ditions under which the monomer is Synthesized, processed, 
and/or stored. There are several factors that will affect the 
amount of inhibitor that is required. Factors that will require 
an increase in the amount of inhibitor are increased mono 
mer concentration and increased temperature. 

0065 Generally, an effective concentration of the water 
Soluble phenylenediamine compositions of the present 
invention will range from about 0.5 ppm to about 2000 ppm, 
more desirably from about 1 ppm to about 50 ppm. The 
compositions may be used in many hydrocarbon processing 
Steps where premature polymerization is likely to occur 
including hydrocarbon cracking processes, preheating, dis 
tillation, hydrogenation, extraction, etc. The water-Soluble 
phenylenediamine composition may be added at a location 
upstream of these process locations. 

0.066 The water-soluble phenylenediamine compositions 
may be added to a water Stream, hydrocarbon Stream or to 
a monomer composition alone, or after first being premixed 

Oct. 28, 2004 

with a solvent. Where a premix of the water-soluble phe 
nylenediamine composition is desired, it may be first com 
bined with a Solvent Such as water or an organic Solvent 
including, but not limited to methanol, ethanol, acetone, 
pyridine, nitrobenzene, n-hexadecane, n-hexane, methylene 
chloride, dimethyl Sulphoxide, chloroform, carbon tetra 
chloride, benzene, glycols, esters and ethers. 

0067. Other inhibitors or antifoulants known in the art 
may be combined with the water-soluble phenylenediamine 
compounds of the present invention. These may include 
other phenylenediamines, hydroxylamines, nitroxides, and 
hindered phenols. When a compositions containing an addi 
tional phenylenediamine composition is desired, the addi 
tional phenylenediamine may correspond to the following 
formula: 

0068 wherein R, R and R are independently selected 
from the group consisting of H, C-C alkyl, hydroxyalkyl, 
-O-R, -S-R, -N-(R)(R), and aryl. 
0069. The water-soluble phenylenediamine compositions 
of the present invention have a wider variety of uses as 
compared to conventional phenylenediamine inhibitors. For 
example, during processing of acrylonitrile, there is contact 
with water and consequent fouling and deposit formation in 
the water Sections. A phenylenediamine composition that is 
not water-soluble will not be effective as an inhibitor in this 
Situation. 

0070 PDA's such as N-(1,4-dimethylpentyl)-N'-phenyl 
p-phenylenediamine and N-(1,3-dimethylbutyl)-N-phenyl 
p-phenylenediamine are not miscible with water. Instead, 
when they are added to water, they separate, forming two 
distinct layers, a PDA layer and a water layer. However, the 
PDA's of the present invention are completely miscible with 
water. When they are added to water, the PDA's of the 
present invention do not form a separate layer, i.e., a 
partition between the aqueous and hydrocarbon phases 
where it provides vinyl monomer free radical polymeriza 
tion inhibition. 

0071. The features and advantages of the present inven 
tion are more fully shown by the following examples which 
are provided for purposes of illustration, and are not to be 
construed as limiting the invention in any way. 

EXAMPLES 

0072 Acrylonitrile was chosen to represent reactive 
Vinyl monomers. The water-Soluble phenylenediamines 
(PDA's) of the present invention were tested in acrylonitrile. 
Comparative testing was also performed using conventional 
polymerization inhibitors. The comparative inhibitor com 
positions are shown in TABLE 1, while the inventive 
inhibitor compositions which were tested are shown in 
TABLE 2. The parenthesis after the inhibitor names indi 
cates the weight ratio of two or more inhibitors in the 
composition. 
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TABLE 1. 

Comparative Inhibitor Compositions 

Composition Inhibitor(s) 

Blank 
Hydroquinone 
N-(1,3-dimethylbutyl)-N-phenyl-p-phenylenediamine 
Benzoquinonediimide 
Benzoquinonediimide/Hydroquinone (1:1) 
Hydroquinone/N-(1,3-dimethylbutyl)-N-phenyl-p- 
phenylenediamine (1:1) 
Hydroquinone/N-(1,4-dimethylpentyl)-N'-phenyl-p- 
phenylenediamine (1:1) 
N-(1,4-dimethylpentyl)-N'-phenyl-p- 
phenylenediamine 

0073) 

TABLE 2 

Inventive Inhibitor Compositions 

Composition Inhibitor(s) 

I N,N,N',N'-Tetrahydroxypropylphenylenediamine 
J N-hydroxypropylphenylenediamine and N,N'- 

dihydroxypropylphenylenediamine (reaction mixture) 
K N-hydroxypropylphenylenediamine and N,N'- 

dihydroxypropylphenylenediamine (reaction mixture)/ 
Hydroquinone (1:1) 

L N-hydroxypropylphenylenediamine and N,N'- 
dihydroxypropylphenylenediamine (reaction mixture)/ 
Benzoquinonediimide (1:1) 

0.074 For each of the experiments, acrylonitrile was 
heated under an inert atmosphere in glass tubes. A Single 
inhibitor composition (A-L) was added to each tube. In the 
first experiment, tubes containing acrylonitrile were dosed 
with 2 ppm of various inhibitors and were heated at 110° C. 
0075 For the second experiment, 35 ppm azobisobuty 
ronitrile (AIBN), a free radical polymerization initiator, was 
also added to each tube to Simulate conditions where free 
radical concentrations are relatively high. The Second 
experiment was conducted at 66 C. 
0.076 For each experiment, the performance of the 
inhibitor performance was judged by the length of the 
induction time for polymerization, i.e., the formation of 
Visible polymer, as the reaction mixture turned turbid and 
white polyacrylonitrile started to deposit. The results of both 
experiments are shown in TABLE 3, below. 

TABLE 3 

Results of Acrylonitrile Study 

Induction Time to Polymerization 

Experiment 2 (with 
polymerization initiator) 

Composition Experiment 1 (hours) (minutes) 

A. 1. 15 
B 2.2 132 
C 106 infa 
D 508 infa 
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TABLE 3-continued 

Results of Acrylonitrile Study 

Induction Time to Polymerization 

Experiment 2 (with 
polymerization initiator) 

Composition Experiment 1 (hours) (minutes) 

E 528 160 
F infa 183 
G infa 195 
H infa 230 
I 4 49 
J 106 290 
K 168 infa 
L 278 infa 

0077. As can be seen from TABLE 3, the inventive 
compositions J, K and L performed better than the com 
parative compositions that included the known polymeriza 
tion inhibitors hydroquinone, N-(1,4-dimethylpentyl)-N'- 
phenyl-p-phenylenediamine, and N-(1,3-dimethylbutyl)-N- 
phenyl-p-phenylenediamine. In addition, inventive 
composition J has the advantage of being water-Soluble 
which increases the variety of potential uses. 

0078 While there have been described what are presently 
believed to be the preferred embodiments of the invention, 
those skilled in the art will realize that changes and modi 
fications may be made thereto without departing from the 
Spirit of the invention, and it is intended to include all Such 
changes and modifications as fall within the true Scope of the 
invention. 

What is claimed is: 

1. A composition comprising one or more compounds of 
the following formula: 

wherein at least one of R', R, and R is 

R5 

OH: 

R, R and Rare independently selected from H, alkyl, 
hydroxyalkyl, -O-R, -S-R, -C(O)R, 
-C(S)R, -N-(R)(R), aryl, and 
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R5 

—ch-( 
OH: 

R is selected from the group consisting of H, alkyl, 
hydroxyalkyl, O, S, -O-R, -S-R, 
-N-(R)(R), and aryl; 

Z comprises one or more Substituents Selected from the 
group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, heterocyclo, -CN, 
NO, -O-R, -S-R, and -NCR)(R); and 

R, R and Rare independently selected from the group 
consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl and heterocyclo. 

2. The composition of claim 1, wherein at least one of Said 
compounds corresponds to the following formula: 

Z. 

R1 == H 

/ \ / \, 
3. The composition of claim 1, wherein Said composition 

is water-soluble. 
4. The composition of claim 1, further comprising a 

Solvent. 
5. The composition of claim 1, further comprising a 

Solvent Selected from the group consisting of water and an 
organic Solvent. 

6. The composition of claim 1, further comprising a 
Second polymerization inhibitor composition. 

7. The composition of claim 6, wherein said second 
polymerization inhibitor composition is a phenylenediamine 
of the following formula: 

wherein R, R and R are independently selected from the 
group consisting of H, C-C alkyl, hydroxyalkyl, 
-O-R, -S-R, -N-(R')(R), and aryl. 

8. The composition of claim 1, wherein Said composition 
comprises a compound of the following formula: 

OH. 
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9. The composition of claim 1, wherein Said composition 
comprises at least one of the following compounds: 

H H H H 
V M V M 
N N N N 
M 
H 

R5 R5 R5 

OH: HO OH: 

R5 

H ) V M 
HO N N. : and 

V 
H 

R5 

HO 

R5 

H ) V M 
HO N N R5 

R5 OH. 

HO 

10. The composition of claim 1, wherein said composition 
comprises at least one of the following compounds: 

H H H H 

N N N N 

H 

OH: HO 

HO 

OH; and 

11. A composition resistant to polymerization comprising: 

(a) an ethylenically unsaturated monomer, and 

(b) one or more water-soluble compounds of the follow 
ing formula: 
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wherein at least one of R', R, and R is 

R5 

CH-( 
OH: 

R, R and Rare independently selected from H, C, -C1s 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), aryl, and 

R5 

—ch-( 
OH: 

R is selected from the group consisting of H, alkyl, 
hydroxyalkyl, -O-R, -S-R, -N-(R)(R), 
and aryl; 

Z comprises one or more Substituents Selected from the 
group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, heterocyclo, -CN, 
NO, -O-R, -S-R, and -NCR)(R); 

R, R and Rare independently selected form the group 
consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl and heterocyclo; and 
wherein 

Said composition is water-Soluble. 
12. The composition of claim 11, further comprising a 

Solvent. 

13. A method of preparing a water-Soluble phenylenedi 
amine composition comprising the Step of reacting a phe 
nylenediamine compound of the following formula: 

Z. 

R1 == H 

X-()-( / N / Ye, 
wherein at least one of R', R and R is H and 
R, R and R are independently selected from the group 

consisting of, alkyl, hydroxyalkyl, -O-R,-S-R, 
—C(O)R, —C(S)R, -N-(R)(R), and aryl; 

Z comprises one or more Substituents Selected from the 
group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, heterocyclo, -CN, 
NO, -O-R, -S-R, and -NCR)(R); and 

R, R and Rare independently selected from the group 
consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl and heterocyclo, 
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with a heterocyclic compound of the following formula: 

RNA O s 

wherein R is selected from the group consisting of H, 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), and aryl. 

14. A method of preparing a water-Soluble phenylenedi 
amine composition comprising the Step of reacting 1,4- 
phenylenediamine with a heterocyclic compound of the 
following formula: 

RNA O s 

wherein R is selected from the group consisting of H, 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), and aryl. 

15. The method of claim 14, wherein said heterocyclic 
compound comprises a member Selected from the group 
consisting of propylene oxide and butylene oxide. 

16. The method of claim 14, wherein said water-soluble 
phenylenediamine retains at least one unsubstituted “-NH” 
grOup. 

17. A method of reducing or inhibiting fouling and deposit 
formation during hydrocarbon processing comprising the 
Step of administering to a hydrocarbon Stream at or upstream 
of a location where Said fouling and/or Said deposit forma 
tion may occur an effective amount of one or more water 
soluble compounds of the following formula: 

Z. 

R1 == H 

/ \ / \, 
wherein at least one of R', R, and R is 

R5 

—ch-( 
OH: 

R, R and Rare independently selected from H, C, -C1s 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), aryl, and 

R5 

—ch-( 
OH: 
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R is selected from the group consisting of H, alkyl, 
hydroxyalkyl, -O-R, -S-R, -N-(R)(R), 
and aryl; 

Z comprises one or more Substituents Selected from the 
group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, heterocyclo, -CN, 
NO, -O-R, -S-R, and -NCR)(R); 

R, R7 and R are independently selected form the group 
consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl and heterocyclo; and 
wherein 

Said composition is water-Soluble. 
18. The method of claim 17, further comprising the step 

of mixing Said water-Soluble compounds with a Solvent prior 
to Said administering. 

19. A reaction product of a phenylenediamine compound 
of the following formula: 

Z. 

R1 == H 

/ N / Ye, 
wherein at least one of R, R and R is H; 
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R, R and Rare independently selected from the group 
consisting of, alkyl, hydroxyalkyl, -O-R,-S-R, 
—C(O)R, -C(S)R, -N-(R)(R), and aryl; 

Z comprises one or more Substituents Selected from the 
group consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, heterocyclo, -CN, 
NO, -O-R, -S-R, and -NCR)(R); and 

R, R and Rare independently selected from the group 
consisting of hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl and heterocyclo, 

with a heterocylic compound of the following formula: 

RNA O s 

wherein R is selected from the group consisting of H, 
alkyl, hydroxyalkyl, -O-R, -S-R, 
-N-(R)(R), and aryl. 

20. The reaction product of claim 19, wherein said phe 
nylenediamine compound is 1,4-phenylenediamine. 

21. The product of claim 19, wherein said product retains 
at least one unsubstituted “-NH group. 

k k k k k 


