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This invention relates to a vinyl aromatic, especially styrene, polymerization inhibitor system comprising a reaction pro-
duct of an alkyl phenol with sulfuric acid and nitric acid and optionally an aryl-substituted phenylenediamine. The reaction pro-
duct has as its major component compounds of Structure (I), wherein R is Co-Cy alkyl, Y is NO,, SO3R’ or H, R’ is C;-Cyy
alkyl, X is NO, or C;-Cy alkyl, and R” is H or C;-Cyq alkyl, m is 2 or 3 and n is 0, 1, 2, 3, with the proviso that when R is
Cg and n=0, X and Y may not both be NO,. The invention is also directed to vinyl aromatic compositions stabilized against
polymerization by such polymerization inhibitor system, as well as to a method of stabilizing a vinyl aromatic composition
against polymerization which method comprises adding an effective amount of such polymerization inhibitor system.
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POLYMERIZATION INHIBITOR FOR VINYL AROMATICS

Field of the Invention
This invention is directed to a polymerization
inhibitor system for vinyl aromatic compounds. In
particuiar, the polymerization inhibitor contains the
10 active ingredient which is a reaction product of a Cy
-C5p 2alkyl phenol with sulfuric acid and nitric acid,
believed to be structurally represented by a blend of

compounds of structure (I)

OH OH

(D

15 R" R
wherein R is Cq - Cop alkyl, Y is NO,, SO3R'or H, R' is
C1-Cop alkyl, X is NO, or Cy-Cyp alkyl, and R'' is H or
C1-Cyp alkyl, m is 2 or 3 and n is 0,1,2,3, with the

20 proviso that when R is Cg and n=0, then X and Y may not

both be NO,.

In other aspects, this invention is directed to a
vinyl aromatic composition stabilized against

polymerization by such polymerization inhibitor system,



-2-

WO 93/22261 | | PCT/US93/03511

10

15

20

25

as ﬁell as to a mefhod of stabilizing a vinyl aromatic
composition against polymerization which method
comprises adding an effecti§e amount of sﬁchr
polymeriéation inhibitor system.
Background of the Invention

CommercialrproceSses'for the manufacture of vinyl
aromatic compounds such as monémeric styrene, divinyl
benzene and lower alkylated styrenes (such as

alpha~méthylstyrene and vinyltoluene) typically produce

- products contaminated with various impurities, such as

benzene, toluene and the like. These impurities must be

"removed in ordér for the monomer product to be suitable

for most applications. Such purification of vinyl

aromatic,cgmpoundshis,generally accomélished,by
diéti}lation. | 'v | | |
Howevet, it is well known that vinyl aromatic
coméounds polymerize readily and that the rate of
polxmerization inCreases rapid1y as the temperature
increases. 1In oider to prévent polymerization of the
vinyl aromatic monomef under distillation conditions
various polymerization‘inhibitors have been employed.
In general, the compdunds which are commercially
employed as Sﬁch polymerization inhibitors are of the
dinitfophenolicrclass. Thus, for example, Drake et al,
in U. S. Pat. 2,526,567, show the stabilizafion of
nuclear chlorostyrenes employing 2,6-dinitrophenols.
Similarly, U. S. Pat.’4,105,506, to Watson, discloses

the use of Z,G-dinitrb-p-cresol as a polymerizatioh

L))
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inhibitor for vinyl aromatic compounds.

In addition, it has been disclosed by Butler et al,
in U. S. Pat. 4,466,905, that, in the presence of
oxygen, phenylenediamines in the distillation column

5 together with 2,6-dinitro-p-cresol will reduce the
amount of polymerization which occurs.

While dinitrophenols are effective polymerization
inhibitors, there are several disadvantages associated
with their use, either alone or in blends. For example,

10 many dinitrophenols are solids that, if subjected to
temperatures above their melting points, are unstable
and may explode (see U. S. Pat. 4,457,806). Moreover,
many dinitrophenols are highly toxic which requires
special precautions\in its use.

15 While such prior art inhibitors may inhibit the
polymerization of vinyl aromatic compounds to some
degree, it would be desirable to possess polymerization
inhibitors which would mere effectively delay the onset
of polymerization and/or which would avoid the problem

20 of high toxicity.

Accordingly, it is an object of this invention to
provide an improved polymerization inhibitor system for
the preventioﬁ of polymerization of vinyl aromatic
compounds.

25 It is an additional object of this invention to
provide an inhibitor system for the prevention of

polymerization of vinyl aromatic compounds, which
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inhibitor system does not comprise toxic dinitrophenolic
compounds. '
Another object'of this invention is to provide a
vinyl aromatic polymerization inhibitor syétem which
5 does not require air to function.
It is a further object of this invention to provide
a Vinyl aromaﬁic composition which is stabilized against
polymerization. |
It is yet another object of this invention to
10 provide an improved method for inhibiting'fhe
polymerization of vinyl afomaticrcompouhds.
The'foregoing and additional objects will beéome
more fully apparent'from the following description and
accompanying Examples.
15 Detailed Description of the Invention
The active compohnds for polymerization inhibition

systems of this invéntion are believed to be generally

represented by structure (I)

OH

(D

20

o n .

- wherein R is Cg - Cpg alkyl, Y is NO,, SOzR'or H, R' is
Cy-Cyo alkyl, X is NO, or C1-Cap alkyl,;and R'* is H or
C1-Cop alkyl, m is 2 or 3 and n is 0,1;2,3, with the




WO 93/22261 5 PCT/US93/03511

proviso that when R is Cq and n=0, X and Y may not both
be NO,.
The more preferred are those represented by
structure (iII), where n=0, X and Y are ortho to the OH
5 and X=NO,, Y is as defined for (I) and R is Cy0-C2p
alkyl.

OH (IID)

R -

10 These compounds generally exist as complex mixtures of
many isomeric forms due in part to the nature of the
reactions used to manufacture them. The most preferred )
comgounds are those where R is C;, and R' is Cy2 or an
alkyl fragment thereof such as C1-Cg. In this

15 embodiment, the mixture of (I) contains major fractions
wherein X and Y are NO, and wherein X is NO, and Y is
SO3zR'. A pafticularly preferred blend is one containing

- different isomers of (III) wherein X is NO, and the

~isomeric composition is characterized by variations in
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the identity of Y and wherein 20-95% of Y is NO, and
0-20% is H and 0-50% is SO3R;a A still more preferred
blend contains different isomers of (iII) wherein X is
NO, and the isomeric composition is characterized by
variations in the identity of Y and wherein 20-95% of
the isomers are Y is NO, and 10-20% is H and 10-50% is
SOR" . o

- The preferred blend may also contain components

‘where X is NO, and Y is H as well as the isomeric forms

where X and Y are NOy, n is 1 and 2, m=3 and wherein R’
is most preferably a smallerralkyl group than R but also
exists as oligomers of nitrated sulfdnates; believed to
have structures represented by (I) where n=1,2 or 3 or
even higher oligimers. ==

| TABLE 1

- ACCEPTABLE TSOMERIC COMPOSITION RANGES
' OF COMPOUND (1I)

X=NO, Y=Variable n=0 (1) (2) (3) (4) .
. YeH 0-5 " 0-5 0-5 15-20
Y=NO, - 45-55 . 75-80 10-20  30-50

Y=S03R" -45-55 ° 10-20 75-80 30-50

The preferred method of obtaining the isomeric
blends of Structure (I) is as a reactionrproduct formed
by the process comprising the steps of: '

a) reacting an unsubstitﬁted higher alkyl phenol
with an excess of sulfuric adid for a time sufficient to
allow the exotherm to raise the reaction temperature of
the mixture to form a first reaction mixture;

b) adding to the first reaction ﬁixture an excess
of nitric acid to form said reaction produéé in an

organic phase suspended in an aqueous phase;
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c) separating the orgaﬁic phase from the aqueous
phase;and

a) isolating the reaction product in the organic
phase.

5 The preferred reaction product is one using as the
starting material a higher alkyl phenol substituted at
the para position with C 9-Cy0 branched or linear alkyl
such as para-dodecylphenol. Commercial forms of
dodecylphenol which are available have about 97% para

10 and 3% ortho substitution of the alkyl unit. The alkyl
component is believed to be a complex isomeric blend of
various branched and straight chain alkyl units of from
Cy2 down to Cg, although the amount of Cy1 to Cq
components is small.

15 The reactants may be added in either order, either
acid to alkyl phenol or alkyl phenol to acid. The
temperature for the sulfonation step may range from 25
to 90C-e, preferably from 25 to 60°C, most preferably
about 50°C. The coﬁcentration of sulfuric acid is not

20 critical but is preferably 95% and above. The molar
equivalents df sulfuric acid to alkyl phenol may range
from 1.5 to 5.0, preferably 2.0 to 4.5, most preferably
2.1 to 4.4.

The second stage nitration step is performed under

25 relatively mild conditions to minimize the dealkylation
of the alkyl phenol. The temperature range may vary
depending upon the heat transfer efficiency of the

vessel. Preferably temperature should be between 45 and
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100°C, more preferably 60 to 100°C and most preferably

‘80 to 90°C. The molar equivalence of nitric acid is

variable, preferably between 1.5 and 4.4, more
preferably between 1.9 and 4.0, and most preferably
between 2.0 and 2.5.

In one aspect, this invention is directed to a
vinji aromatic polymerization inhibitor'system
comprising:

the reaction product of a Cg-C,q alkyl phenol with
sulfurlc acid and nitric ac1d and, optionally, an aryl
or alkyl-substituted'phenylenediamine compound of

formula II

(II)

R, Ry -
e /
/ ,
R, °R,

wherein R! is Cl-Clzralkyi, Cg-Cqip aryl or C7-Ci6

alkeryl; and Rz, R3 and R? are independently selected

from the group eonsisting of hydrogen, C;-Cy, alkyl,
C3-Cy5 cycloalkyl,'C7-Cll aralkyl and C9-C,¢ alkaryl.

In still a further aspect, this invention is
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directed to a vinyl aromatic composition stabilized
against polymerization, said composition comprising a
vinyl aromatic compound together with a reaction product
of a C g-C, alkyl phenol with sulfuric acid and nitric
acid (I), and optionally, a phenylenediamine of formula
II. In yet another aspect, this invention is directed
to a methoﬁ for inhibiting the polymerization of vinyl
aromatic compounds, which method comprises blending a
polymerization inhibiting effective amount of the
stabilization system of this invention to the vinyl
aromatic to be stabilized.

Particularly suitable reaction product of a C9-Cyp

alkyl phenol with sulfuric acid and nitric acid (I)

which can be employed herein are those wherein the alkyl

phenol used contains an alkyl group of from 10 to 15

- carbon atoms. These alkyl groups can be either branched

or straight chains and all reference to "alkyl"” in this
specification is meant to include such branched or
st:aight chain and optionally cyclic alkyl structures as
well. A mofe preferred alkyl phenol is represented by
an alkyl substituent containing 12 carbon atoms. Such a
compound is p-dodécylphenol, which is commercially
available from Schenec;ady Chemicals, Inc.

Illustrative of the preferred phenylenediamine
compounds of'Structure (II) which may be employed
include N-phenyl-N'-isopropyl-p-phenylenediamine,
N-phenyl-ﬁ'-(l,3-dimethy1buty1)—p-phenylenediamine,

N-phenyl-N'-(1,4-dimethylpentyl)~p-phenylenediamine and
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N—phehyl-N‘-cyclohexyl-p-phenylenediamine. Moreover,
mixtures of phenylenediamine compounds may also be
employed. ' The phenylenediamine compounds may be of the
oxygenated species és described in U.S. Pat. 4,774,374
to Abruscato et al..

An important adVantage of this invention,is that
the polymerization inhibitors of Compouhds (I) do not
need air to function. As illustrated by therfollowing
examples, therpresence of air may add to the efficacy of
the inhibitors of the present inventioh, particularly if
component b is present, as statedrabove. Air or oxygen
is not required for the inhibitors of this invention to
function. Some manufacturers of vinyl arohatic
compounds,_éuch as,sﬁyrene; prefer to distill said
compounds under vacuum, i. e., without air. Thus, the
stabilizer compositions of the instant invenfion provide

a much desired advantage to these vinyl aromatic

compound manufacturers.

Tﬁe reaction product of a CB'CZO alkyl phenol with
sulfuric,acid and nitrié acid and the phenylenediamine
compounds (lI) of this inVentions are generally employed
in weighf ratios of between'abqutVIO:l andrabout 1:10.
Pfeferahly; weight ratios of between about 4:1 and about
1:4 are employed, with a ratio of abouE 1:1 being
particularly preferred.

The polymerization inhibitor compositions of this
invéntion may further comprise an aromatic hydrocarbon

solvent. Illustrative of such solvents are benzene,

L4}
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toluene, xylene, ethylbenzene and other alkyl-benzenes
as well as vinyl aromatic compounds themselves such as
styrene, alphg—methylstyrene and the like. Typically,
when solvents are employed the hydrogenated precursors

5 of the vinyl»aromatic to be stabilized are the preferred
solvents. Thus, for the stabilization of styrene, ethyl
benzéne is the preferred solvent. Similarly for the
stabilization of aipha—methylstyrene, isopropylbenzene
is the preferred solvent.

10 Illustrative of the vinyl aromatic compounds which
may be stabilized against polymerization by the process
of this invention are styrene, alpha-methylstyrene,
vinyltoluene and divinylbenzene, as well as halogenated
species thereof. o -

15 The stabilized vinyl aromatic composition of this
invention may be in the form of a reacfion mixture
additionally comprising the starting materials of the>
vinyl aromatic coﬁpound to be stabilized as well as
by-products of the production process. Thus, in the

20 case of styrene, the reaction mixture will typically
inclﬁde starting materials such as benzene, ethyl
benzene énd ethylene, as well.as by-products such as
diethylbenzene,>viny1toluene and the like.

The'primary use of the polymerization inhibitor

25 systems of this invention is to prevent the
polymerization of vinyl aromatics during purification
and/or distillafion to remove unreacted starting

materials and distillable by-products. Typically, this
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involves the sequential distillation of the vinyl
aromatic reaction product through a plurality of
disfillation columns. In the first of Such columns, a
relatively large amount of starting materialrand
by-produéts will be present, while ih the last columnr
essentially pure vinyl aromatic cdmpound (plus
polymerization inhibitors énd heavy, nondistillable
byproducts) will be present;r

The method'of this inventién involves adding to a
vinyl aromatic compound an effective amount of the
inhibitor packagé. ‘When the polymerization inhibitor
system of this invention, using both components (I) and

(II) specified above, is employed during the

,purification and/or distillation'of vinyl aromatic

compounds, it is preferred that oxygen, whether in the

form of air or otherwise, be present. It should be

notedlthat those polymerization inhibitor systems
involving only compgund,(i) dornqt reéuiréroxygen or air
to be present. The presence of air is immaterial t& the
efficacy of component (I) alone.

It ié also noted that the polymerization inhibitor
system of this,invention'will be effective for uses
other thanrdﬁfing distillation, e.qg., during,the
shipment or storage.of vinyl aromatic-compounds.

The methods of this invention comprise the addition
to a vinylrafomatic composition_of an effective amount

of the instant polymerization inhibitor system. As

employed herein, the term "effective amount" refers to

@

A
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that amount of inhibitor which is needed to prevent the
formation of more than about 1 weight percent of vinyl
aromatic polymer during distillation at temperatures of
between about 90°C and about 150°C. Although the amount
5 of polymerization inhibitor required will vary somewhat
(based upon such factors as the particular vinyl
aromatic compound stabilized; the particular
benzoquinoneimine and phenylenediamine species employed;
and the like) such an effective amount may be readily
10 determined by routine experimentation. In general, such
an effective amount will be between about 50 and about
1,500 parts per million by weight of vinyl aromatic
compound.
. _..The pélymerization inhibitor system of this
15 invention will provide stability against vinyl aromatic
polymerization at temperatures typically employed for
the purification of vinyl aromatic compounds (i.e., from
about 90° to about 14D°C5 for periods well in excess of
those typically employed for such purification. This
20 stability is achieved without the use of undesirably
toxic dinitrophenolic compounds which are generally
employed in commercial operations today.
SYNTHESIS EXAMPLE 1
Preparation of the Reaction Product of p-dodecylphenol
25 with Sulfuric Acid and Nitric Acid
- The reaction mixture was prepared in two reaction
steps. . In the first step, 2.1 equivalents of reagent

grade sulfuric acid (98.8%) was added with stirring to 1
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equivalent of p-dodecylphenol (Schenectady Chemical,
99.99% assay, 97% para-isbmer, 3% ortho-isomer) and the
mixture was allowed to exotherm to from 45° to 50°C.

Immediately after this addition, 2.1 equivalents of
35% nitric acid solution was slowly introduced with
stirring at a rate which maintained the temperature of
the reaction mixture at 80 - 90°C.

The reaction was stopped after the addition, and
allowed to settle; ' The lower,aquéous layer was

removed. The warm organic layer was allowed to sit for

‘an additional 2 to 24 hours. A second portioh of the

water wasrthen removed. The organic layer was then
poured at a teﬁperature of 60-80°C into a boiling 10-20%
sodium chloride solution and stirred for 5 minutes. The
aqueous salt washing was éeparated and the product dried
under reduced pressuré leaving a viscous, brown oil.
The viscous brown oil which conétituted the
reaction product [hereinafter sometimes reférred to as

Rx Prod(1l)] contained the following proportions of

isomers of structure (I) =

X=NO, and YeH —--o-- 16% n=0
X=NO, and Y=NO,—--—- 28% n=0
X=NO, and Y=SO3R'*--742% n=0
X=NO, and Y=NOy--—-- 10% me3,n=1,2,3
side reactions***——— 4% = -

*R' is a distribution of C1-C4 alkyl substitutents.
***The remainder of the reaction product was found to be
composed of 4 percent of side reaction products not of

Structure (I).

LH

"
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The identity of the above itemized fragments were
determined by gas chromatography, liquid chromatography,

mass spectrometry, and acid/base titration.

Induction Time Testing Protocol

To a fifty milliliter flask charged with forty
grams of styrene were added the various amounts and
types of inhibitors as indicated in Table 2 below.

The flask was fitted with a magnetic stirrer and
septum closure with a syringe needle as a vent and
heated in an oil bath to 118°C (plus or minus 2°C). The
flask ﬁas,purged with approximately 5 cc/min of air or
nitrogen passed beneath the liquid surface during the
perioﬁ of the test. During the test period, samples
were removed fromrthe flask periodically and testéd for
degree of polymerization by measuring the changes in
refracfive index. The induction time is defined as the
point at which one (1) weight percent of the styrene had
polymerized, was defermined in each example and
tabulated.

EXAMPLES 2-5/COMPARATIVE EXAMPLES I-K

The data in Table 2, below, displays the Induction
Time Testing protocol described above used to evaluate
efficacy iﬁ an air atmosphere of the inhibitor system of
this invéntion cdmpared to DNPC, an industrial
standard; Therresults_for Examples 2-5, which are
duplicaterruns for equal weight inhibitor blends of

Synthesis Example 1, a reaction product of a Cyo alkyl
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phenol with sulfuric acid and nitric acid I), and

N—(l,4-dimethy1penty1)-N'—phenyl-p-phgnylenediamine

(PPDA), combined at a 1:1 ratio. All Table 2 runs were

made at 100 ppm of inhibitor. ' »
TABLE 2
Blend or : o <
Example Composition Atm. Minutes
2 PPDA/Rx Prod(l) . air 130
3 PPDA/Rx Prod(1) air 120
4 PPDA/Rx Prod(1l) air 140
5 PPDA/RXx Prod(1) ©air " 140
I DNPC air 55
J DNPC , air . 55
K DNPC , air : 60

Notes for Table 2:
PPDA=N-(1,4-dimethylpentyl)-N-phenyl-p-phenylenediamine
RxProd(I)=reaction product of Synthesis Ex. 1
DNPC = Dinitro-p-cresol

The data in Table 2 indicaﬁes that longer induction
times in air for the noh—toxic blends of the instant
in&enﬁion are far superior to the induction times for
the industrj standard, DNPC.

7 The induction times for Rx Prod(l):PPDA blends are
much longer, and in fact serendipitously ShOW'an
unexpected degree of pdlymérization inhibition over
those of the comparative examples. The data indicates
that in the presence of air, ﬁnexpected synergism exists
when RxProd(l) and a phenylenediémine of this invention
are combined as vihyl aromatic polymerization
inhibitors. The induction time evaluation of Table 2 is

a screening evaluation. The following continuous

distillation protocol simulates the actual conditions in

)

a commercial scale large distillation column where

ethylbenzene and styrene are being continuously
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fractionated to separate the desired styrene monomer
from the ethylbenzene solvent/initial reactant. It is
in these columns where undesireable polymerization of
the vinyl aromatic compounds must be successfully

5 suppressed by the inhibitor system. The following runs
show the superiority of the inhibitor system of this

invention.

EXAHPLEV 6-8/COMPARATIVE EXAMPLES L-~N
10 ' - Continuous Distillation Experiments
All distillation testing was performed using a 50
tray l-inch Oldershaw vacuum jacketed column equipped
with an overhead reflux splitter, condenser, and
calibrated take-off vessel. The entire distillation
15 unit is attached to a vacuum pump and traps via the top
of the condenser.
The column was fitted into a reboiler which consists
of a 500 ml round bottom flask equipped with a
peristaltic take-off pump and tars collection vessel.
20 The reboilér is heated with a heating mantle.
The feed is introduced via a peristaltic pump through
a preheated tube onto the 45th tray. Pressure gauges
are placed close to the top and bottom of the apparatus
to allow the monitoring of pressure across the column.
25 To the pot is added 290 ml of styrene containing the
inhibitor to be tested at the level to be tested. All
styrene used in these experiments is stripped of its
-shelf inhibitor by flash distillation on a rotary

evaporator prior to use.
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Added to the 45th tray is a feed stream heated to
about 115?C,compoéed'of a 60:40 styrene/ethylbenzene
mixture containing the inhibitor to be tested. This
feed is added at a rate ofrabout 3.3 mL/minute.

The distillatibn is run at a reflux ratio of 10:1 and
a pot temperature of 11i8°C plusror minus 1°C which is
controlled by pressure (about 16 inches Hg). Distillate
is taken off from the top‘ét a rate of about 1.7 mL/min
and liquid removed from theréot at a rate of about 1.6
mL/min, keeping a constant pot volume ana to provide a
2-hour residence_time;r

Under thése conditions, a »>99% styrene composition is
attained in the pot during the duration of the test,
which is 8-12,hou:s. Equilibrium.is attained after 4-6
hours.

A sample is taken from the pot evefy hour and the
polymer level_determinedrby turbidity using a i
spectrophotometéf. In the following table, the
standards used to-géuge‘relative performance of the
experimental candidates are dihtro para-cresol and
dinitro sec-butyl phenol, which give polymer levels of
about 1%. The,polymer levels reported in Table 3
represent the amount of polymer made in the reboiler
after the columnrattains equilibrium, expressed as grams

polymer/grams styrene in the feed, converted to percent.

>

L
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TABLE 3

Dynamic Distillation Column Testing

Example Inhibitor Level (ppm) Polymer Level
5
6 RxProd(1) 500 0.09
7 RxProd(1) 500 0.08
8 RxProd(1l) 250 0.37
L DNNP(C9) 500 0.6
10 M DNBP(C4) 500 1.01
N DNPC(C1) 500 0.92
RxProd(I)=reaction product of Synthesis Ex. 1
DNNP = 2,6-dinitro-4-nonylphenol
15 DNBP = 2,6-dinitro-4-butylphenol

DNPC Dinitro-p-cresol

As can be seen from the data in Table 3, when
tested in a continuous distillation column, RxProd(1)

20 shows unexpectedly high performance over other
dinitrophenolics tested; that is, the polymer make is
less than 1% when the RxProd(l) is used as an
inhibitor. It can also be seen that this candidate
shows sensitivity to use level; even at half loading,

25 RxProd(l) outperforms the other dinitrophenolics.

Another benefit of the polymerization inhibitors of
the instant invention is that any undesired polymer
formed is of lower molecular weight and lower viscosity
than the polymer formed when using the inhibitor species

30 currently in use. This undesired polymer, often
referred to as tars, is a waste material which presents
ééuipment fouling and disposal problems for styrene

manufacturers. The amount of high polymer (species with
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molecular weight >1000) formed when the inhibitor of
Example 1 is used is negligible, as determined by GPC or
turbidity analysis 6f thé resulting térs.r
The following table is a comparison of the acute »

oral LD50 values for various common materials. It is

noted that the higher the value of LD50, the less toxic

the material is. The polymerization inhibitors of this

invention, identified as "RxProd(l)" are placed between

ethanol and table salﬁ in this determination. The other

dinitrophenols have very low values of LD50 indicating

much higher toxicity characteristics.

- Table 4
. Comparative Toxicity Data -
COMPOUND ORAL LD50
S S - (mg/kg)

Sucrose = : 29,700

Ethanol ' ' 7,080

RxProd(1l) » ' o 5,616 3

Sodium Chlorider' S 3,000

DNNP(C9) ' ' 50

DNPC(C1) o 80

DNBP(C4) | - 30

~The data presented above indicate that the reaction

. products and blends of'the instant invention represent a

significant improvement in the attempt to inhibit

polyﬁerizatioh of vinjl aromatic species in an

énvironmentally responsible énd éafe mannef. Both the )

oral and dermal LD50 values for the reaction products of )

~this invention are more favorable than those for the

materials used heretpfore,
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Added to these positive factors in support of the
use of RxProd(I) as polymerization inhibitor for vinyl
aromatics is the fact that it is a liquid at room
temperature. The dinitrophenolics in current use are

5 solids. A liquid material is preferred by the
manufacturers due to ease of use and shipping of
material. The solubility of RxProd(l) is both styrene
and ethylbenzene is >90%; the solubility of DNPC, DNOC,
and DNP in ethylbenzene or styrene is less than 25%.

10 This factor, when coupled with the outstanding
performance of the reaction products and blends of this
invenﬁion as seen in the preceding Tables, is a highly
desirable and serendipitous combination.

The above embodiments and examples illustrate the

15 scope and spirit of the'instant invention. These
embodiments and examples will make apfarent to those
skilled in the'art, othe; embodiments and examples
within the scope of the present invention. Therefore,
the instant invention should be limited only by the

20 appended claims.
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What is claimed is:

1. A compound represented by structure (I)

L >

OH

(D

5 , ) n
wherein R is Cq - Cyp alkyl, Y is NO,, SO3R' or H, R' is
C3-Cyqo alkyl, X is NO, or C;-C,, alkyl, and R'' is H or
C1-Cyp alkyl, m is 2 or 3 ahd n is 0,1,2,3; with the
proviéo that when R is Cgrand n=0, X and Yrmay nof both
10  be NO,. | | -
- 2. A Compound éccotding to claim 1 wherein X and Y
are ortho to the OH.
3. The Compound:according to claim 1 comprising a
blend of different.isomersiof (1).
15 4. The Compound accordipg to claim 1 wherein R is
Cyz. 7
5. The Compound according to claim 1 wherein X and
Y are NO, and are ortho to the OH.
6. Thé Compound accordihgrto claim 1 wherein X is

20 NOZ and Y is SOBR'.
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7. The Compound according to claim 1 wherein X is
NO, and Y is H.

8. The Compound according to claim 1 wherein X is
NO, and Y is SO3R' and wherein R' is a smaller alkyl
group than R.

9. The Compound according to claim 1 comprising a
blend of different isomers of (I) wherein X is NO, and
the isomeric composition is further characterized by
variations in the identity of Y wherein in 45-55% of the
isomers Y is NO,, in 0-5% Y is H and in 45-55% Y is
SO3R'.

10. The Compound according to claim 1 comprising a

blend of different isomers of (I) wherein X is NO, and

the isomeric composition is characterized by variations

in the identity of Y and wherein in 30-50% of the
isomers, Y is NO,, 30-50% Y is SO3R' and 15-20% Y is H.

'11. A reaction product formed by the process
comgrising:

a) reacting an unsubstituted higher alkyl phenol
with an excess of sulfuric acid for a time sufficient
allow the exotherm to raise the reaction temperature of
the mixture to form a first reaction mixture;

b) adding to the first reaction mixture an excess of
nitric acid to form said reaction product in an organic
phase suspended iﬁ an aqueous phase;

| c) separating the organic phase from the aqueous
phase;and

d) isolating the reaction product in the organic

phase.
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~12. The reacﬁion product accdrding ﬁo Claim 11
wherein said higher alkyi phenol is a para-substituted
Cg-Cyq branched or linear alkyi phenol.

13. The reaction product according to Claim 11
wherein said higher alkyl phenél is a para-substituted
Cyo branched or linear alkyl pheﬁol.

14. The reaction product according to Claim 11
wherein said sulfuric acid is present in excess of 2
molar equivalents. | 7

15. The reaction product according to Claim 11
whereinrséid nitric acid is present in excess of 2 molar
equivalents. 7

16. A Polymeriiation inkibitor comprising the
reaction p;oduct,dftciaim,ll in an amount sufficient to
inhibit polymerizétion, 7 |

17. A polymerization inhibitor comprising:

"the compound of_Claimrl present in an amount sufficient

to inhibit polymerization.
18. A polymerization inhibitor comprising:
a polymerizatioh inhibitory amount of a blend of

a) a compound of structure (I)

€9

*»r

—l
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wherein R is Cg - C,4 alkyl, Y is NO,, SO3R'or H, R' is
Cl-C20 alkyl; X is NO, or Cy-Cy4 alkyl, and R"* is H or
Ci-Cyp m is 2 or 3 alkyl, m is 2 or 3 and n is 0,1,2,3,
with the proviso that when R is Cg and n=0, X and Y may
not both be NO,; and

b) a phenylenediamine of formula II.

(I

wherein R1 isbcl-Clz alkyl, Cg-Cy1p aryl or Cy-Ci¢
alkaryl; and Rz, R3 and R4 are independently selected-
from the group consisting of hydrogen, C1-C15 alkyl,
C3-Cy, ‘cycloalkyl, Cy-C;, aralkyl and C7-Cy¢ alkaryl.

19. The pblymerization inhibitor of Claim 18 wherein
component (b) is N-phenyl-N-(1,4-
dimethylpentyl)-p-phenylenediamine.

20. A polymerization inhibitor in accordance with
Claim 18 wherein the weight ratio of component (a) to
component (b) is between about 10:1 and about 1:10.

21. A polymerization inhibitor in accordance with
Claim 18 wherein the weight ratio of component (a) to

component (b) is 1:1.
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- 22. A stabilized vinyl aromatic composition
comprising:
a. a vinyl aromatic compound;
b, arpolymerization inhibitorraccotding to Claim 16.
5 23. A stabilized vinyl aromatic composition
comprising:
a. a vinyl aromatic compound;

b. a polymerization inhibitor according to Claim 18.

(0l

"M
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