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Common industrial methods for producing styrene typically include
separation and purification processes such as distillation to renove
unwanted inpurities. Unfortunately, purification processes carried out at
15 elevated tenperatures result in an increased rate of undesired

pol yneri zation. Distillation is generally carried out under vacuumto

%

COMPOSITIONS AND METHODS FOR INHIBITING VINYL
AROMATIC MONOMER POLYMERIZATION

5 FIELD OF THE INVENTION

The present invention pertains to compasitions for use in inhibiting
vinyl aromatic monomer polymerization.

10 BACKGROUND OF THE INVENTION

Common industrial methods for producing styrene typically include
separation and purification processes such as distillation to remove
unwanted impurities. Unfortunately, purification processes carried out at

15 elevated temperatures result in an increased rate of undesired
polymerization. Distillation is generally carried out under vacuum to
minimize loss of monomer. The presence of oxygen, which is typically
excluded from styrene distillation, will also promote polymerization of the
monomer.

20
This polymerization results not only in loss of desired monomer

end-product, but also in the uses of production efficiency caused by

polymer formation and/or agglomeration of polymer on process



m nimze | oss of nmononer. The presence of oxygen, which is typically

excluded fromstyrene distillation, will also pronpote polynerization of the
nononer. 20 This polynerization results not only in |oss of
desired nor¥M@9/48996  end- product, but also in the uses of PEIB90I%ON
efficiency caused by pol ymer formation and/ or aggl oneration of polymner
on process 2

equi pnent. Thermal pol ynerization, which typically occurs during
distillation, of styrene monomer results,in the formation of normal (i.e., .
|l inear) polynmer. This resulting polystyrene polynmer is characterized by

Its glassy and transparent appearance and its solubility in the styrene 5

nononer and many organi ¢ sol vents. The conpounds generally |
used commercially to inhibit pol ymeri zati on of vinyl aromatic nononers
are of the din No. 4,105, 506,
Wat son et al . é @ﬂg@ﬂoﬁéenlng ! pﬂc)lgmeh?at&d:rpflofgﬁ:ﬁqy&k&y é:ércggsoﬁ) a

pol yneri zat i ondushl|atimnt frstymne\mor}dmerrresﬂw in the formatwrpoﬂmmmal {eS Pat. No.
4,466, 905, Butl.er t al nation of

> oo oniir o pinsacEbeineg FASRER kol stirens robme aphaAgterized by

pol yner i zat i onité BlagsylAd trahgidrent Aypledrancehea SOty I et U.S. Pat.
No. 4,774,374, Agrus)gato etgﬁal téé\pe?ljches conp03|t|ons for ﬁegltl ng the 15

pol yrer i zat% onMeNomeERand AiaBarganic seledtsds. The compositi on is an
oxygenat ed product of the reaction of N-aryl-N -al kyl - p-phenyl enedi am ne

win moven U8 Pl Mo Sahoral Bl ciodiat o A o
aromatic mnonpﬁlymﬁﬂmrdmfﬁ@\ﬁarmtmnm@ﬂe antheadimirdpiRend| am ne
family. For example, U.S. Pat. No. 4,105,506, Watson et al. teaches the
10  use of 2,6-dinitro-p-cresol as a polymerization inhibitor for vinyl aromatic
compounds. U.S. Pat. No. 4,466,905, Butier et al. teaches that a
combination of 2,6-di-nitro-p-cresol and p-phenylenediamine will inhibit
polymerization in a distillation column when oxygen is present. U.S. Pat.
No. 4,774,374, Abruscato et al. teaches compositions for inhibiting the
15  polymerization of vinyl aromatic compounds. The composition is an
oxygenated product of the reaction of N-aryl-N'-alkyl-p-phenylenediamine
with oxygen. U.S. Pat. Nos. 5,426,257 and 5,488,718, Arhancet, teach
methods and compositions for inhibiting the polymerization of vinyl
aromatic monomers comprising an oxime compouﬁd and a hydroxylamine
20 compound and/or a phenylenediamine. ) :

The use of hydroxylamine compounds for preventing
polymerization of vinyl aromatic compounds is disclosed in U.S. Patent
2,965,685, Campbell. Their use in combination with phenylenediamines

25 isdisclosed in U.S. Pat. Nos. 5,396,004 and 5,510,547, Arhancet et al.

U.S. Pat. Nos. 4,003,800 and 4,040,911, Bacha et al., teach
methods for inhibiting the polymerization of styrene utilizing a quinone

alkide compound without or with a hindered phenol compound,




20 conpound and/or a phenyl enedi am ne. The use of

hydr oxyl am ne conpounds for preventing pol yneri zati on of vinyl
aromatic conmpounds is disclosed in U S. Patent 2, 965, 685, Canpbel | .
Their use in CEhYMEREI on with phenyl enedi amines 25 is di scRERENNMING, S,
Pat. Nos. 5, 396,004 and 5, 510,547, Arhancet et al. U S. Pat.
Nos. 4,003, 800 and 4, 040,911, Bacha et al., teach met hods for
inhibiting the polynerization of styrene utilizing a quinone al ki de
conpound wi thout or with a hindered phenoj conpound,

3 respectively. Preferably, the quinone alkide is a methide such
as 2,6-di-t- but yl 4- met henyl qui none net hi de. U S Pat.
No. . 5, 616, 774, Evans et al., discloses processes and 5 conpositions for
i nhi biting the polymerization of vinyl aromatic nononers using a
7-aryl quinone i u. - I . t ..al.,

t eaches i nhi bi t iqﬁga%ﬂigeﬁb|P%J§F@’étt¢‘%ﬂ“'§?%%‘h§?é%F"Eﬁ‘ﬁ{@g%ﬁgiﬁﬁ A& did
mononers with a Butgvbesethamybqliopiemethideet hi de. 10 None of these
references has taught or suggested enploying a hydr oxyl am ne conpound

ol yrmer zati on of ' J8yPatRGnab1e brofEs St al, discloase TXpeSDEBERI PTI ON CF
THE | NVENTI O 13:0mpositions for inhibiting the polymerization of vinyl aromatic monomers

using a 7-aryl quinone methide. U.S. Pat. No. 5,583,247, Nesvadba et

al., teaches inhibiting the polymerization of ethylenically unsaturated

monomers with a 7-substituted quinone methide.

10 None of these references has taught or suggested employihg a
hydroxylamine compound and a quinone methide derivative together to
inhibit the polymerization of a vinyl aromatic monomer.

DETAILED DESCRIPTION OF THE iNVENTION

15
Compositions comprising a quinone methide derivative and a

hydroxylamine are provided. These compositions have utility in vinyl

aromatic monomers for inhibiting the unwanted polymerization therein.
20 The quinone methide derivatives generally have the formula;

0]
"R
25
H Rs

wherein:
R: and R; are independently H, C, to Css alkyl; Cs to Cy; cycloalkyl;
30 or C;to Cys phenylalkyl, and



Conposi tions conprising a qui none nethide derivative and a

hydr oxyl am ne are provi ded. These conpositions have utility in vinyl
aromatic nmononers for inhibiting the unwanted pol ynerization therein. 20
The qui none™PEPHPEE derivatives generally have the for nul ECT/US99/02928

wher ei n: Rlerr] and R2 are independently H C4 to (err] alkyl;
Cerr] to C12 cycloalkyl; 30 or C7 to [err] phenylal kyl, and

4 Preferably, Rerr] and R2 are tert-butyl, tert-amyl,

tert-octyl, cycl ohexyl, [err]-nmethy benzyl or [err],[err]-

di met hyl benzyl; with tert-butyl, tert- anyl or tert-octyl nost
preferred. 5 R3 is preferably aryl, or aryl substituted with Cl1 to
C err] al kyl, alkoxy, hydr oxy, nitro, am no, carboxy, or m xtures )
t her eof . Means for preparing these conpounds may be found in
U S Pat. Preferably, R, and R; are tert-butyl, tert-amyf, tert-octyl,

cyclohexyl, a-methylbenzyl or o,c- dimethylbenzyl; with tert-butyl, tert-
amyl or tert-octyl most preferred.

5 Rs is preferably aryl, or aryl substituted with C, to Cs alkyl, alkoxy,
hydroxy, nitro, amino, carboxy, or mixtures thereof.

Means for preparing these compounds may be found in U.S. Pat.
No. 4,032,547, the contents of which are wholly incorporated by
10 reference to herein.

Preferably, the quinone methide derivative is 2, 6-di-tert-butyl-4-
benzylidene-cyclo-2,5-dienone.

15 ~ The hydroxylamine compounds useful in the present invention
generally have the formula

20 R4

wherein Rqo and Ry, are the same or different and are hydrogen, alkyl,
aryl, alkaryl, aralkyl, or hydroxyaiky! groups and préferably have about
three to about twenty carbon atoms. The preferred hydroxylamine

25 compound is N, N-bis(hydroxypropyl) hydroxylamine.

The compositions of the present invention are effective at inhibiting
polymerization of viny! aromatic monomers under processing conditions.
These processing conditions include but are not limited to preparation,

30 purification, distillation and vacuum distillation processes.



No. 4,032,547, the contents of which are wholly incorporated by 10

reference to herein. Preferably, the quinone nethide
derivative is -di -tert-butyl-4- benzyl i dene-cycl 0-2, 5-di enone.
15 The ‘ﬁ?/%f’?‘g | ani ne compounds useful in the present PEHYSI0%%
generally have the formul a R err] N- CH
20 R11 wherein R err] and Rlerr] are the sane or different
and are hydrogen, alkyl, aryl, alkaryl, aral kyl, or hydroxyal kyl
groups and preferably have about tlgee to about twenty carbon atons.
The preferred hydroxyl am ne 25 conpound is N, N-bis(hydroxypropyl)

hydr oxyl am ne. The conpositions of the present invention are
effective at inhibiting pol ymeri zation of vinyl aromatic nonomers .
under processing conditions. These processing conditions include but

are not limted to pegperiatioraxanile, is typlcaflly pacessad atiterhpératireon and vacuum
distillation processes.

5 betvamary 57and: 145°6x IhgIcempesitioppithe IPjesenbiswentian are

t t - . i L f th
e atures | aobs BRI paed AR Hrord e RIS, O, e
styrene over t hitemparageesf

5 .
The vinyl aromatic monomers that are treated by the compositions -

of the present invention include but are not limited to styrene, bromosty-
rene, divinylbenzene, and a-methylstyrene. The compositions of the
present invention are particularly efficacious at inhibiting the polymeriza-

10 tion of styrene monomer.

The total amount of quinone methide derivative and hydroxylamine
compound used in the methods of the present invention is that amount
which is sufficient to inhibit polymerization of vinyl aromatic monomers.

15  This amount will vary according to the conditions under which the vinyl
aromatic monomer is being processed, contaminants in the system and
the temperature of the system. At higher processing temperatures and
higher monomer contamination, larger amounts of the inhibiting
composition are required.

20
For purposes of the present invention, the term "effective inhibiting

amount” is that amount which is effective at inhibiting vinyl aromatic
monomer polymerization. Preferably, this amount ranges from about 1
part to about 10,000 parts of quinone methide derivative and

25  hydroxylamine compound per 1 million parts of monomer. Most
preferably, this amount will range from about 1 part total to about 1000

parts per milfion parts monomer.



tenperatures. 5 The vinyl aromatic nononers that are treated
by the conpositions of the present invention include but are not
limted to styrene, bronosty- rene, divinyl benzene, and

[err]-met hyPEPPENE. The conpositions of the present PCAESIHRRS ar e
particularly efficacious at inhibiting the polymeriza- 10 tion of styrene
nonomner . The total anpbunt of quinone nethide derivative and
hydr oxyl am ne conpound used in the nethods of the present invention is
t hat anount which is sufficient toginhibit polymerization of vinyl
aromatic nmononers. 15 This amobunt will vary according to the conditions
under which the vinyl aromati ¢ nononer is being processed,

contam nants in the system and the tenperature of the system At

hi gher processing tenperatures and hi gher nonomer contam nation,

Larger amounts of g} piPif Bissible to BRIERRS' B Aeub&Giy o 20

For purposes of the pre ntion, erm e nhi bi ting
anmount” i s t haroraatimbnomecpolymerzdtiont inkibitiag treatménttthany is/dbtginedbynat i ¢

nmononer polynerization, Preferably, .this, anount ranges from about 1
part to about tﬁ%P%GP?JM§°@P°HWﬁSSH§Qh’€PW AeagdiEc Al cPiPagsie 25

hydr oxyl am ne tfé&im@hmé«ér&rﬂliisrﬁyhéﬂgmn BREAarREd R etwbBs

preferably, this anount will range fromabout 1 part total to about 1000

parts per §i| |coopopantssligwaferdhe concentration of each of the components to be

0 lowereQ4RA'tHE Bth¥quantity of pRRMrafion iRl HsSuidTr € ef fective

Vi nyl
particularly at higher temperatures, may be lowered while achieving a

commensurate level of palymerization inhibition.

10 As such, the weight ratio of quinone methide derivative to
hydroxylamine compound will generally range from about 9:1 to about 1:9
with a weight ratio of about 2.3 to about 1:1 preferred. Most preferred is
a weight ratio of about 1:1.

15 The compositions of the present invention can be introduced into
the vinyl aromatic monomer by any conventional method at any point of
the processing system, either as separate and individual ingredients or
as a combination of ingredients.

20 The compositions of the present invention may be added to the
vinyl aromatic monomer as either a dispersion or as a solution using a
suitable liquid carrier or solvent. Any solvent that is compatible with the
individual ingredients of the composition and the vinyl aromatic monomer
to be treated may be employed. It is often desirabie to dissolve the

25 inhibitors in the monomer to which the inhibitor is being added to avoid
introducing additional impurities in the monomer.



aromati ¢ nononer polynerization inhibiting treatnent than is obtained by
the use of either conpound by itself when neasured at conparabl e
treatment |evels. This synergismor enhanced activity between 5
conponent s alwows4ss the concentration of each of the conpen@®N¥2226 be

| onered and the total quantity of polynerization inhibitor required,
particularly at higher tenperatures, nmay be | owered while achieving a
commensurate | evel of polynerization inhibi ti on. 10 As such, the
wei.ght rati o of quinone nethide derivativ t7e hydr oxyl am ne conpound
will generally range fromabout 9:1 to about 1:9 with a weight ratio

of about 2:3 to about 1:1 preferred. Most preferred is a weight ratio
of about 1:1. 15 The conpositions of the present invention can be
i ntroduced into the vinyl aromatic nononmer by any conventional method
at any point of t he, processin stem _either as separate and

i ndi vi dual ingr ed| en!%"‘iS’rer moredge% 'yc'ﬁ%ﬁﬁ%thedvaonn'@fe&%mts‘orth 20

The conposi ti ong,qj ' TheTBidiy BRamEIes & lﬁeluﬁgdtag‘ﬁel vinyl
aromati ¢ nonomer as elt er a di spersion o as a so on usin

sui tabl e liquid ilustratiens of the investion anthghauid netrte cdnstrued asdmmatgtbbe w th the
i ndi vi dual ingredi enis of the conposition and the vinyl aromatic nononer

to be treated oyed It is often desirable to dissolve the 25
inhibitors im the nononer to which the inhibitor is being added to avoid

i ntroduci ng addigsgds | Mpurities in the nonomer.
7

Uninhibited styrene (5 mL) was placed in a test tube and the
appropriate amount of treatment was added. The tube was capped with a
10  rubber septum and argon was bubbled through the liquid at 10 mL/min.
for 3 minutes. The tubes were then placed in an oil bath heated to
110°C for 2 hours. The amount of polystyrene formed was determined
by methanol precipitation. The results of this testing are presented in

Table I.
15
TABLE |
Uninhibited Styrene Test
110°C
20 . .
Treatment Dose (ppm % Polymer -
Blank - 6.07
A 400 0.46
B 400 1.36
25 A/B 2007200 0.03

Treatment A is 2, 6-di-tert-butyl-4-benzylidene-cyclo-2,5-dienone

Treatment B is N, N-bis(hydroxypropyl)hydraxylamine (HPHA)



In order to nore clearly illustrate the invention, the data set forth

bel ow were devel oped. The foll ow ng exanples are included as being
illustratigns of the invention and should not be construed as limting the
scope t her B0P9/489%6 Exanpl es o Uni nhi bited BECYTEI9M2926 nl) was
placed in a test tube and the appropriate anmount of treatnment was
added. The tube was capped with a 10 rubber septum and argon was bubbl ed
through the liquid at 10 L/ m n. for 3 mnutes. The tubes were then
placed in an oil bath heated to KlO[err]C for 2 hours. The amount of .
pol ystyrene fornmed was determ ned by met hanol precipitation. The
results of this testing are presented in Table 1. 15

TABLE | Uni nhi bited Styrene Test 1100C 20 Tr eat ment

Dose (oom % Pol yner Bl ank

2087 A The results Er?gn?g mX%E%Idemonstrate that the mventlvgzo0 / 200 B
0.03 goraposition isAmore dffective than elther lngredlent by itself: Synergism—-

6-di-tert- butyl 4 benz en clo one Treatment B is
N, N- bi s( hydr X38® ilﬁr%r%r i}‘?im a‘°

5 Further testing was performed using a known inhibitor compound,_
dinitro ortho cresol (DNOC) as a comparative inhibitor. 100 mL of
uninhibited styrene was placed-in a 250 mL three-necked flask fitted with
a bubbler, a septa, and a condenser. The appropriate treatment was -
added and argon was bubbled through the solution.at 10 mL/min. for 10 _

10 minutes. While argon sparging continued, the flask was immersed in an

oil bath heated to 120°C. 5.0 mL samples were taken every 30 minutes
and the amount of polymer formed was determined by methanol

precipitation. Results of this testing are presented in Table .

15 JABLE Nl
Uninhibited Styrene Test
120°C
20 Time Percent Polymer -
(Min.) Run 1 Run2 - - Run3 Run 4
0 0 0 0 0
30 0.02 0.09 0.03 - 0.03
60 0.10 0.22 0.12 0.11
25 80 0.27 0.49 _ 0.22 023 -
120 0.50 0.96 0.30 0.33
150 0.72 1.47 0.45 0.43
180 0.95 2.10 0.58 0.53
210 117 3.13 0.75 0.64 ..
30 240 1.39 431 . 1.00 0.72
270 1.66 5.79 1.30 0.81

300 216 — 1.56 - 0.88



8 The results presented in Table 1 denonstrate that the

i nventive conposition is nore effective than either ingredient by
itself. Synergism - is denonstrated at a 1 to 1 weight/weight ratio.
5 Furgﬁ)e%”"‘f%%ti ng was perforned using a known i nhi RETHSI¥BAFound,
dinitro ortho cresol (DNOC) as a conparative inhibitor. 100 nL of

uni nhi bited styrene was placed in a 250 nL three-necked flask fitted with
a bubbler, a septa, and a condenser. The appropriate treatnent was

added and argon was bubbl ed through the sglution at 10 m./mn. for 10 10
m nutes. \Wile argon sparging continued, The flask was i mersed in an

oil bath heated to 120[err]C 5.0 nL sanples were taken every 30 m nutes
and: t he amount of polymer formed was determ ned by nethanol

precipitation. Results of this testing are presented in Table Il. 15
TABLE 11 Uahnqh%)pl Styrene Test 120[err]C 20 Time

Per cent Pol yner n. Run 1 Run 2 Run 3 Run 4

0 0  Run 2 is 2, 6di-tert-butyl-4-befzylidene-cyclo-205-dienone 30 0.02
0. 09 0.03 .03 .10 0.22 0.12 -
0.11 25 90 Run 3(s 898 ppm of 2®§z£-?ert-butyb4-ggnzylldene-gytég-z,5-duengQ@ )
0.50 0. 96 arlt 36 ppm of PIPBRA 150 0.72 1. 47

0. 45 0. 43 180 0. 95 2.10 0.59 0. 53 210
1.17 3.83 Run 4 is @0Q ppm of 2,6-gi-eat-tBdyl-4uenzylidene-cyt|a3®, 5-dienoned. 31
1.00 0.72 270 5.79 1.30 0.81 -
300 2 16 4 300 ppm br BPHA, g 0.88

This testing demonstrates that the inventive composition at 1:1
and 2:3 ratios was more effective than the quinone methide derivative
10 and DNOC by themselves.

While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and
modifications of this invention will be obvious to those skilled in the art.

15 The appended claims and this invention generally should be construed to
cover all such obvious forms and modifications which are within the true

spirit and scope of the present invention.



9 Run 1 is DNOC Run 2 is 2,

6-di -tert-butyl-4-benzylidene-cycl o-2, 5-dienone Run 3 is 300 ppm of
2, 6-di-tert-butyl-4-benzylidene-cyclo-2,5-di enone and 300 ppm
of HPHA 5 WOR48%6j s 200 ppm of PCT/US99/02926
2,6-di-tert-butyl -4-benzyl i dene-cycl o- 2, 5-di enone and 300 ppm
of HPHA This testing denonstrates that the inventive
conposition at 1:1 and 2:3 ratios was nore effective than t he qui none
nmet hi de derivative 10 and DNOC by themi | ves. ~White~this

e

t hereof, it

i nvention has been described with resp to partla m'”" jent s
I s apparent that nunmerous other forns ﬂ tions of

this inventlon will be obvious to those skilled in the art. "155 The

appended clains and this invention generally should be construed to

cover all such obvi ous fornE aqg nDdIflcaLIOHS which are within the true
ght

spirit and scob@vipg thysd

10

15

20

25

at | claim is:

g Ve !

1. A method for inhibiting the polymerization of vinyl aromatic
monomers comprising adding to said monomers an effective
polymerization inhibiting amount of a composition comprising (A) a
quinone methide derivative having the formula

o)
f

R1\Q’ Rz
7~

H Ra
wherein:

R: and R; are independently C, to Cqsalkyl; Cs to Cy, cycloalkyl; or
C- to Cys phenylalkyl, and

Rs is aryl, or aryl substituted with C, to Cs alkyl, alkoxy, hydroxy,
nitro, amino, carboxy, or mixtures thereof; and

(B) a hydroxylamine compound having the formula

wherein Rq, and Ry are the same or different and are hydrogen, alkyl,
aryl, alkaryl, aralkyl, or hydroxyalkyl groups and preferably have about
three to about twenty carbon atoms.



Havi ng thus described the invention, what | claimis:

nmet hod for inhibiting the polynerization of vinyl aromatic nonomnmer s

conprising adding to said nononers an effective

i nhi biting an®M%48%P6a conposition conpri si ng (A a
derivative having the fornul a

I ndependently C4 to CJerr] alkyl; (err] to C[err]2

pol ymeri zati on
5 quUPCIOSSMINA| de
Rlerr] and R2 are
cycloalkyl or

Clerr] to (Jerr] phenylal kyl, and R3 1s aryl,

substituted with Clerr] to CJerr] alkyl, alkoxy, hy]mmﬂululuu ml[ﬂ“

am no, carboxy, or m xtures thereof; and‘ 20 m ne
conpound having the fornul a 25 wher ei n R[err] &nd" R[err] are the
sanme or different and are hydrogen, alkyl, aryl, alkaryl, aral kyl, or

hydr oxyal kyl groups and preferably have about
carbon atons.

1. A

three to about twenty'

2. The method as claimed in claim 1 wherein said quinone

methide derivative is 2,6-di-tert-butyl-4-benzylidene-cyclo-2,5-diencone.

3. The method as claimed in claim 1 wherein said

hydroxytamine compound is a hydroxyalkylhydroxylamine.

4, The method as claimed in claim 3 wherein said

hydroxylamine compound is N,N-bis(hydroxypropyl)hydroxylamine.

5. The method as claimed in claim 1 wherein said vinyl

aromatic monomer is selected from the group consisting of styrene,

bromostyrene, divinylbenzene and a-methylistyrene.

6. The method as claimed in claim 1 wherein said vinyl

aromatic monomer has a temperature of about 85° to 125°C.

7. The method as claimed in claim 1 wherein said composition

is added to said monomer in an amount ranging from about 1 to about

10,000 parts per million parts of said monomer.

8. The method as claimed in claim 1 wherein the weight ratio

of (A) to (B) is about 9:1 to about 1:9.

9. The method as claimed in claim 1 wherein the weight ratio

of (A) to (B) is about 9:1 to about 2:3 to about 1:1.

10. The method as claimed in claim 1 wherein the weight ratio

of (A) to (B) is about 1:1.



11 2. The nethod as clainmed in claim1 wherein said quinone nethide

derivative is 2,6-di-tert-butyl-4-benzyldene- cycl o- 2, 5-di enone. 3.

The method as claimed in claim 1 vvh “gﬂ‘ﬁxyl am ne conpound is a
hydr oxyal ky WB/¥M48%§1 ami ne. M\mm& s cl ai AEF/USPI/EP2% m 3
wherei n said hydroxyl am ne corrpou I"s(hyd*r oxypropyl ) hydroxyl am ne.
5. The nmethod as clainmed in clai m 1 wherein said vinyl aromatic nononer
is selected fromthe group consisting of styrene, bronostyrene,

di vi nyl benzene and [err]-nethyl styrene. 6. The met hod as cl ai ned
inclaiml wherein said vinyl aromatic nomer has a tenperature of about
95[err] to 125[err]C 7. The nmethod as clainmed in claim1l wherein
said conposition is added to said nononer in an anpunt rangi ng from about 1
to about 10,000 parts per mllion parts of sal d nonomner . . The

met hod as clained ip,claj t|o ) ) 1S
about 9:1 to about T19 *fhe f]nem}g:‘jfé a?‘weé% t 1a\§' @dééegf Eﬁgﬁ\
wherein the meibgtwA;wrizylldﬁneéégcld-a §-Bjenbae ahgyB) iS: NLNto about 2:3 to about
1: 1. The ?\gscalrredln claim 1 wherein the weight ratio
bls(hydroxypropy) ydroxylamine
12. A composition comprising (A) a quifione methide derivative

" having the formula:

10  wherein:
Riand Rp are mdependently Cato Cysalkyl; Cs to Cy2 cycloalkyl; or
Cz to Cys phenylalkyl, and

Rs is aryl, or aryl substituted with C, to Cs alkyl, alkoxy, hydroxy,
15 nitro, amino, carboxy, or mixtures thereof, and

(B) a hydroxylamine compound having the formula

Rio
20

\ /

R

wherein Rsg and Ry are the same or different and are hydrogen, alky|,
aryl, alkaryl, aralkyl, or hydroxyalkyl groups and preferably have about
25 three to about twenty carbon atoms.



of (A) to (B) is about 1:1.

12 11. The nethod as clainmed in claim1l wherein (A) is 2,
6-di-tert- but yl - 4- benzyl i dene-cycl o-2, 5-di enone and B% is N N

bi s( hydr oxypr 83/39%48%8r oxyl am ne. 12. A conposit$ 87r?ffri si ng
(A) a quinone nethide derivative havi ng the fornul a:

wher ei n: Rlerr] and R2 are independently ¢4 to (err] alkyl;
Cerr] to C12 cycl oal kyl; or C7 to [err] phenylal kyl, and

R3 is aryl, or aryl substituted with C[ef4] to [err]elﬂmml

hydroxy, 15 nitro, am no, carboxy, or nﬁdures t her "M"n(ﬂm"[m) a
hydr oxyl am ne conpound having the formul a

@

13. The composition as claimed in claim 12 wherein said
quinone methide derivative is 2,6-di-tert-butyl-4-benzylidene-cyclo-2,5-

dienone.

14.  The composition as claimed in claim™12 wherein said
hydroxylamine compound is a hydroxyalkyl hydroxylamine.

15. The composition as claimed in claim 14 wherein said
hydroxytamine compound is N,N-bis(hydroxypropyl)hydroxylamine.

16. The composition as claimed in claim 12 wherein the weight
ratio of (A) to (B) is about 9:1 to about 1:9.

17. The composition as claimed in claim 12 wherein the weight
ratio of (A) to (B) is about 2:3 to about 1:1. '

18. The composition as claimed in claim 12 wherein the weight
ratio of (A) to (B) is about 1:1.

19. The composition as claimed in claim 12 wherein (A) is 2,6-
di-tert-butyl-4-benzylidene-cyclo-2, 5-diencne and (B) is N,N-
bis(hydroxypropy!) hydroxylamine.

20. The composition as claimed in claim 19 wherein the weight
ratio of (A) to (B) is about 2:3 to about 1:1.

21. The composition as claimed in claim 12 which has utility as
a vinyl aromatic monomer polymerization inhibitor.



20 wherein Rlerr] and R err] are the sane or different and are
hydr ogen, al kyl, aryl, alkaryl, aralkyl, or hydroxyal kyl groups and
preferably have about 25 three-to—abouat twenty carbon atons.
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qui none net hi de derivative is Zﬂ“‘ﬂﬂuﬂmnuumumt yl 4- benzyl i dene- cycl o- 2, 5-
di enone. 14. The conpositioh as @ afnmetl in claim 12 wherein said
hydr oxyl am ne conpound is a hydroxyal kyl hydroxyl am ne. 15. The
conposition as clained in claim 14 wherﬁi n said hydroxyl am ne conpound is
N, N- bi s( hydr oxypr opyl ) hydr oxyl am ne. 16. The conposition as clainmed
in claiml12 wherein the weight ratio of (A to (B) is about 9:1 to about
1:09. 17. The conposition as clainmed in claim 12 wherein the weight
ratio of (A to (B) is about 2:3 to about 1:1. 18. The conposition

as claimed in claigyl2 yheral B Lf&, ¥eL@Med in claim 12 wherein there is

synergism between (A) and (B) as a vinyl aromatic monomer
polymerization inhibitor.

23. The composition as claimed in claim 12 further comprising

styrene.




ratio of (A) to (B) is dabout 1:1. 19. The conposition as clainmed

in claiml1l2 wherein (A is 2,6-

di -tert-butyl -4-benzyl i dene-cycl o-2, 5-di enone and (B) is N

bi s(hydr oxypr opQCThydr oxy! W%ILWWWALPROWORGIWTOEWDOSI t "‘:':

in clalmlg whereln the weight ratio or & % | S about 2:3 to about
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Synergistic composition and method of use are disclosed. The compositions comprise a quinone methide derivative and a
hydroxylamine compound. These compositions demonstrate synergism at inhibiting the polymerization of a vinyl aromatic monomer.
Preferably the quinone methide derivative is 2,6~di-tert-butyl-4~benzylidene—cyclo-2,5-dienone and the hydroxylamine compound is
N,N-bisthydroxypropyD)-hydroxylamine.




