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COMPOSITIONS AND METHODS FOR INHIBITING
VINYL AROMATIC MONOMER POLYMERIZATION

TJECHNICAL FIELD

The prasent invention relates to compositions and methods for
inhibiting the undesirable polymerization of vinyl aromatic monomer
compounds.

10 BACKGROUND ART

Polystyrene is a thermoplastic with many desirable characteristics.
It is clear, transparent, readily colored and easily fabricated. The family
of styrene polymers includes polystyrene itself, copolymers of styrene
15 with other vinyl monomers, polymers of derivatives of styrene and mix-
tures of polystyrene and styrene-containing copolymers with elastomers.
Pure polystyrene is glass-like, transparent, hard, and rather brittle.



15 wth other vinyl nononers, polyners of derivatives of styrene and m x-
tures of polystyrene and styrene-containing copolynmers with elastoners.
Pure pol ystyrene is glass-like, transparent, hard, and rather brittle.
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ABS (acryl on???iglwés,szbut adi ene, styrene) and SAN (styrene, acrSHGiir/o180s
trile) resins have enjoyed trenendous comercial popularity for many

years as durable, tenperature and solvent resistant elastoners. On the
other hand, styrene plastics are commonly used for. packaging, including 5
foans and filns, coatings, in appliance fabrication, for housewares ‘and
toys, lighting fixtures and in construction materi al s. Common
i ndustrial nethods for producing vinyl aromatic nono- mers, such as
styrene, include a variety of purification processes, the 10 npbst conmon

one being distillatg i G | | . nononers .
readily polynerize Aw%ye%adﬁgg?fgg&%déa #Eﬁ%}%@?)ﬁﬂd{%}l\vg&&@a&f acryloni tion
i ncr eases r apitfie) resing have enjpyeditramentious-conwvercial popularityfor maayi - '

zation during .di.sf | ' | 1. S roduct ., but it
could r %E (??aér b% hg%?gn ité'ﬁé%la&r%ﬁog ?r’érsgﬁ) ﬁg'ﬁ\t%gﬁ@ ﬁl%%jorﬁgf)sn ;6 Wul'?'uout
further treat -othér hanghstyrene plastics are commonly used for packaging, including
5 foams and films, coatings, in appliance fabrication, for housewares and
toys, lighting fixtures and in construction materials.

Common industrial methods for producing vinyl aromatic mono-

mers, such as styrene, include a variety of purification processes, the
10 most common one being distillation. It is well known that viny! aromatic

monomers readily polymerize when heated and that rate of polymeriza- -

tion increases rapidly as the temperature increases. Thermal polymeri-

zation during distillation results not only in loss of product, but it couid:

render the finished monomer unsuitable for using without further treat-
16  ment

To prevent polymerization of vinyl aromatic monomers under distil-
lation conditions, various inhibitor compositions have been employed.
Unfortunately, although several compounds are effective against viny!

20 aromatic monomer polymerization under storage conditions, only some of
these compounds have proved to be effective against polymerization
under distillation conditions.

Dinitrophenol compounds are generally used commercially to inhibit
25 polymerization of vinyl aromatic monomers. U.S. Patent No. 4,105,506,
Watson et al., teaches the use of 2,6-dinitro-p-cresol as a polymerization
inhibitor of vinyl aromatic compounds. U.S. Patent No. 4,466,905, Butler
et al., teaches that a combination of 2,6-dinitro-p-cresol and p-phenylene-
diamine compounds will inhibit polymerization in distillation columns when



To prevent polynerization of vinyl aromatic nononers under distil-

| ation conditions, various inhibitor conpositions have been enpl oyed.
Unfortunately, although several conpounds are effective against vinyl 20
aronmati c nonomer pol ynerization under storage conditions, only sonme of

these conpoundy,d\@ssi’ oved to be effective against polyneri ZWH’
q51805e

under distillation conditions. Di ni trophenol

generally used comrercially to inhibit 25 polynerization of vinyl aromatic
mononers. U.S. Patent No. 4,105, 506, Watson et al., teaches the use
of 2,6-dinitro-p-cresol as a polynerizatign I nhibitor of vinyl.
aromati ¢ conpounds. U.S. Patent No. 4,466,905, Butler et al., teaches
that a conbination of 2,6-dinitro-p-cresol and p-phenyl ene- di am ne
conmpounds will inhibit polymerization in distillation colums when
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oxygen is present. U. S Patent No. 774, 374, Abruscato et al., teaches

conposi tions angorppesitionsand emamsﬂpt Phibitingthe polymerization Qﬁamny& vi nyl
aromati c nonone n
and N-aryl N - aﬂﬂm‘%‘“" SmboyiFg N6 Gy eRate bt U SRS
Pat ent No. 4, 729"@%@17 kmlwbmdmhedmmwndonpom tions of a
hydr oxyl am conpound and a phenyl enedi am ne conpound used for
i nhi biting the polynerization of acrylonitrile in a quench tower.

U.S. Patent No. 4,720,566, Martin, teaches methods and composi-

tions of a hydroxylamine compound arid a phenylenediamine compound
used for inhibiting the polymerization of acrylonitrile in a quench tower.
This system differs from a vinyl aromatic purification process in the type of

10 monomer involved, but also in that oxygen is readily present in an acryloni-
trile quench column, the quench tower reactor effluent is cooled by contact
with a recirculating water stream and sulfuric acid is added to the quench
column.

15 U.S. Patent No. 4,929,778, Roling, teaches compositions of a
phenylenediamine compound and a hindered pheno! compound for
inhibiting the polymerization of vinyl aromatic monomers.

U.S. Patent No. 4,956,020, Nakajima, teaches methods for the in-
20 hibition of popcorn polymer, such as styrene, growth in an olefin appara-
tus. The methods comprise treating the inner surface of an olefin produc-
tion apparatus with a popcorn polymer growth inhibitor while the operation
of the apparatus is suspended and olefins are substantially removed from
the apparatus. The popcorn poiymer growth inhibitor is selected from the
25 group which can include N,N'-di-sec-butyl-p-phenylenediamine and
hydroxylamine.



This systemdiffers froma vinyl aromatic purification process in the type
of 10 nonorer involved, but also in that oxygen is readily present in an
acryl oni - trile quench colum, the quench tower reactor effluent is
cool ed by cont act with a recirculating water stream and sul furic acid
Is added to t §9@§ col umm. 15 U S. Patent_ No. .4, 929, 778
Rol i ng, teach ﬁg{)m tions of a phenyl enedi am ne corfSdHRI7A1805 o

hi nder ed phenol conpound for i nhibiting the polynerization of vinyl"-
aromati ¢ nonomers. U.S. Patent No. 4,956,020, Nakaji ma,
teaches nethods for the in- 20 hi bi ti oy of popcorn polymer, such as
styrene, growth in an olefin appara- tus. The nethods conprise’
treating the inner surface of an olefin produc- tion apparatus with a
popcorn polymer growh inhibitor while the operation of the apparatus
I s suspended and ol efins are substantially renoved from t he appar at us.

The popcorn pol ynerwnemésdmm\éﬁhhibﬂvﬁy afdn?a.cfmemmaﬁpaﬁneﬁaw whi ch
can include N, N sec-b Jl n& phen% i am ne and droxyl am ne.
WD 97/ 35821  tion, it would be advantageous to possess polymerization mhlbltors that
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pounds and function in an oxygen-free environment.

5
DISCLOSURE OF INVENTION

The present invention relates to compositions for inhibiting the
polymerization of vinyl aromatic monomer compounds under processing
10 conditions comprising adding to said monomer an inhibitor composition
comprising a hydroxylamine compound and a phenylenediamine
compound.

The present invention aiso relates to a method for inhibiting the
15 polymerization of vinyl aromatic monomer compounds under processing
conditions comprising adding to said monomer bis-N,N’(hydroxypropy!)
hydroxylamine.

The compositions of the present invention prove efficacious at
20 inhibiting the polymerization of vinyl aromatic monomers, particularly
styrene, during their processing. These processing conditions include
but are not limited to purification and distillation of vinyl aromatic
monomers.

25 The hydroxylamine compounds useful in this invention generally
have the formula:



tion, it would be advantageous to possess polynerization inhibitors that

avoid the use of highly toxic conpounds such as dinitrophenol com

pounds and function in an oxygen-free environment. 5 DI SCLOSURE OF
| NVENTI ON The present invention relates to conpositions for
i nhibiting the woomsdg®d yneri zation of vinyl aromatic nononer

under processing 10 conditions conprising adding to said nononmer an

i nhi bitor conposition conprising a hydroxyl am ne conmpound and a
phenyl enedi am ne conmpound. The present invention also
relates to a nmethod for inhibiting the 155 polynerization of vinyl aromatic
nononmer conpounds under processing condi tions conprising adding to
sai d nonomer bis-N, N (hydroxypropyl) hydr oxyl am ne. The
conpositions of the present invention prove efficacious at 20 inhibiting
t he pol ynerization of vinyl aromatic nononers, particularly styrene,
during their processing. These prod®ssing conditions include but are
not limted to purification and disti™ ation of vinyl aromatic

nonomners. 25 The hydr oxyl am ne NerpQ@#ds useful in this invention
generally - have the formul a: y WD 97/ 35821
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wherein R and R, are the same or different and are hydrogen, alkyl,
aralkyl, or hydroxyalkyl groups and preferably have about 3 to about 20
carbon atoms, except when R is H, then Ry is a Cg to Cq alkyl group.

10  The preferred hydroxylamine compounds are N,N'-diethylhydroxylamine
(DEHA), isopropylhydroxylamine (IPHA) and bis-N,N'( hydroxypropyi)hy-
droxylamine (HPHA).

The phenylenediamine compounds useful in this invention
15  generally have the formula;

Ry Re
N\ /
N N
20 / AN
R3 Rs
wherein Ry, R3, R4, and R are the same or different and are hydrogen,
alkyl, aryl, alkaryl or aralkyl groups having from 1 to about 20 carbons.

25 The preferred phenylenediamine compound is N,N'-di-sec-butyl-p-
phenylenediamine (PDA).

The total amount of hydroxylamine compound and phenylenedia-
mine compound used in the methods of the present invention is that
30 amount which is sufficient to inhibit polymerization and will vary according



5 [err] 5 wherein R and Rlerr] are
the same or different and are hydrogen, alkyl, aral kyl, or

hydr oxyal kyl groups and preferably have about 3 to about 20 car bon
atons, except when Ris H then Rerr] is a (Jerr] to (Jerr] alkyl group.

10 The prefe roxyl am ne conpounds are N, N -di et hyl hydroxyl-am ne
(DEHA), i soprggiﬂqﬁ%foxyl anmine (1PHA) and bis-N, N (hydroxyprwggﬁ 1805

dr oxyl am ne ( HPHA) . The phenyl enedi am ne conpounds useful in
this invention 15 generally have the fornul a:
[err] 20 wherein Rerr], R[eré], Rlerr], and Rerr] are the sane

or different and are hydrogen,

to the conditions under which the vinyl aromatic monomer is being proc-
essed and exposed to high temperatures. At higher temperatures and
higher monomer contamination, larger amounts of the polymerization
inhibiting composition are required.

Preferably, the total amount of polymerization inhibiting composi-
tion added to the vinyl aromatic monomer ranges from a total of 1 to
about 10,000 parts per million parts of monomer. More preferably, the
range is about 5 parts to about 500 parts of the composition per million

10 parts of monomer. The weight ratio of hydroxylamine compound to
phenylenediamine compound present in the vinyl aromatic monomer
ranges from 1:9 to 9:1 with a weight ratio of 1:1 preferred.

The amount of bis-N,N’(hydroxypropyl)hydroxylamine added to the
15 vinyl arométic monomer will vary as per the earlier described conditions.
This amount generally ranges from about 1 to about 10,000 parts per
million parts of vinyl aromatic monomer. Preferably, this amount ranges
from about 100 parts to about 1000 parts per million parts of vinyl
aromatic monomer.
20
The compositions of the present invention can be added to the
vinyl aromatic monomer by any conventional method, either as individual
components or as a combination. it is preferred that the individual ingre-
dients are added to the monomer as a single treatment.



al kyl, aryl, alkaryl or aral kyl groups having from 1l to about 20 carbons.
25 The preferred phenyl enedi am ne conpound is N, N -di-sec-butyl -p-

phenyl enedi am ne (PDA). The total armount of hydroxyl am ne
conpound and phenyl enedi a- m ne conpound used in the nethods of the
present | nvent{ngﬁ:]" hat 30 amount which is sufficient to ipbtbideises
pol yneri zati on an b\fiﬁzﬁl vary accordi ng WO 97/ 35821“9“6#'
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t he conditions under which the vinyl aromatic nononer is being proc-
essed and exposed to high tenperatures. Ay higher tenperatures and
hi gher nononer contam nation, |arger amounts-of the pol ynmerization

i nhibiting conposition are required. Preferably, the total
anount of pol ynerization inhibiting conposi- tion added to the vinyl
aromati c nononer ranges froma total of 1 to about 10,000 parts per

mllion parts of nmonoRcomposRioRs of fepreyentlimfention mayteadded RABt 5 parts
to about 500 parts of the conposition per mllion 10 parts of nonomer. The
wei ght ratio of Vi ammeticMAROmera%eiher@dispersiop ot a5 acsRlwio¥$ieg 8onpound
present in the \ el ] ' S dwth a
et oht ratio of ‘Qﬁ?blﬁ?@eiﬂaéér r é'get‘. S ViEnt. Any sbREARaf s 2Bmpalibievith the

individual ingredients of the compaosition and the vinyl aromatic monomer

5 may be employed.

Accordingly, it is possible therefor to produce a more effective
' vinyl aromatic monomer polymerization inhibition treatment than is ob-
tainable by the use of any one ingredient alone when measured at com-
10 parable treatment levels. This enhanced activity allows for the concen-
tration of each of these ingredients to be lowered and the total quantity of
polymerization inhibitor required, particularly at higher processing tem-
peratures, may be reduced.

15 MODES FOR CARRYING OUT THE INVENTION

This invention will now be further described with reference to a
number of specific examples which are to be regarded solely as illustra-

tive and not as restricting the scope of the invention.
20

Examples

In order to evaluate the improved polymerization inhibition of the
inventive combinations and to demonstrate the enhanced activity of the
25 combination, styrene polymerization testing was performed.



The anount of bis-N, N (hydroxypropyl)hydroxyl am ne added to the 15 vinyl
aromatic nononmer will vary as per the earlier described conditions.

Thi s anount generally ranges fromabout 1 to about 10,000 parts per
mllion parts of vinyl aromatic nonomer. Preferably, this anount ranges
from abhout 1 to about 1000 parts per mllion parts of vinyl
aromatic m)ng’?rgpl.%% The conpositions of the pré’gﬁ{s%%tion

can be added to the vinyl aromatic nononer by any conventional nethod,
ei ther as individual conponents or as a conbination. It is preferred

t hat the individual ingre- dients g e added to the nonomer as a single
treat ment. WD 97/ 35821
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The conpositions of the present invention may be added to the vi nyl

aromatic nonomer as either a dispersion or as a solution using a _ .
i vi dual i nar ed: e EsAed 3§rRbls mANes ik d egh wbp draTREEY TN e S
may be enpl oyeRropriate amount of treatmerd wéisrafided. iTheitub@wasicepped withef or t o
produce a mor el frd'drgon was bubbled through the liquid at 15 mimin for 3 min-
utes. Then, the tubes were placed in an oil bath heated to 100°C for 2
5 hours. The amount of polystyrene formed was determined by methanol

precipitation. Results of this testing are summarized in Table |.

. TABLE §
Styrene Polymerization Test
10 Uninhibited styrene at 100°C
 Treatment Dose (ppm) Polymer formed (mg/5 ml)
Blank — 271
IPHA 25 232
IPHA 50 160
15 IPHA 100 96
IPHA/PDA 25125 89
IPHA/PDA 50/50 38
Blank — 239
DEHA 25 192
20 DEHA 50 149
DEHA 100 98
DEHA/PDA 25125 94
DEHA/PDA 50/50 - 54
PDA 100 86
25
IPHA is isopropylhydroxylamine
DEHA is N,N'-diethyihydroxylamine
PDA is N,N'-di-sec-butyl-p-phenylenediamine
30 The results of this testing indicate that the composition of hydroxyl-

amine compound and phenylenediamine compound, particularly iPHA/PDA
and DEHA/PDA, provides enhanced activity over either hydroxylamine
compoungd at inhibiting the polymerization of styrene. These results are
particularly indicative of the compositions enhanced activity at inhibiting the



vinyl aromatic nononmer polynerization inhibition treatnment than is ob-

tai nabl e by the use of any one ingredient alone when neasured at com 10
parabl e treatnment |evels. This enhanced activity allows for the concen-
tration of each of these ingredients to be |owered and the total quantity
of - pol yngid idkda@n i nhibitor required, particularly at hpghBssreiges
pr ocessi ng tem peratures, may be reduced 15 MODES FOR CARRYI NG
OUT THE | NVENTI ON This invention will now be further
described with reference to a nunber of specific exanples which are
to be regarded solely as illustra- tg ve and not as restricting the
scope of the invention. 20 Exanpl es In order to

eval uate the inproved polynerization inhibition of the i nventive
conbi nations and to denonstrate the enhanced activity of the 25

conbt nati on, styrene pol ynerization testing was perforned. WO
97/ 35821 . polymerization of styrene under oxygen free conditions aChighepet805

Uninhi bi ted styr ?u?gs &Rlew Qre preseR{ wﬁen s&yrene |s%%ae}gog'ug progessmg sBch as
distillation or purification.

5 The procedure described to generate the examples of Table | was
repeated. The results of this testing are presented in Table ll.

TABLE Il
Treatment Dose (ppm) Polymer (ma/5 mi)
10 Blank ————— 174
PDA 100 33
PDA 50 _ 114
PDA 25 130
HPHA 100 70
15 HPHA 50 105
HPHA 25 141
PDA/HPHA 50/50 22
PDA/HPHA 25/25 60

20 PDA is N,N'-di-sec-butyl-p-phenylenediamine
HPHA is bis-N,N'(hydroxypropyl)hydroxylamine .

These results demonstrate that the HPHA is effective by itself at
inhibiting the palymerization of styrene. These resulits further demonstrate
25 that HPHA is more effective than either the DEHA or IPHA reported in
Table I.

INDUSTRIAL APPLICABILITY

30 The present invention relates to compositions and methods for
inhibiting polymerization of vinyl aromatic monomers during monomer
processing conditions such as distillation of the vinyl aromatic monomers.



propriate amount of treatnent was added. The tube was capped with a
septum,and argon was bubbled through the liquid at 15 mM/mn for 3 m n-
utes. Then, the tubes were placed in an oil bath heated to 100[err]C for 2
5 hours. The anmount of polystyrene fornmed was determ ned by net hanol

preci pi-tati onywd¥emeshss of this testing are summari zed in Tab*.&.,hsw 1808
TABLE | Styrene Pol ynerization Test 10 Uninhibited styrene a
100[err]C Tr eat ment Dose (ppm Pol ynmer fornmed (nmg/5 m)
Blank oo 10 271 | PHA
25 232 | PHA 50
150 15 | PHA 100 96 | PHA/ PDA
25/ 25 89 | PHA/ PDA 50/ 50
38 Bl ank 239 DEHA
25 The comasitishs dbitvé present invention are addéd as a combil-_w PDA

. : - 9 DE
%g?% DEHA nation of a phery!pnle%%mlmwmd and a hydroxy@gﬁ% compound '
54 PDA  to the vinyl aromatitQRonomer undergomg% cessing. ﬁ*ﬁe €8mbinatiohPHA is
i sopropyl hydroxyl anmi ne DEHA is N, N -di | hydr Oxyl am ne PDA is
N, N - di - sec- but iPagiquiariy effactive awhtbltmmivmenzatlonmétyrwwmgﬁst hi s
bhonyl anedi o o pReF OFRERIEARINBEL BOA  and DBV PDAL
provi des enhanced activity over either hydroxyl am ne corrpound’ at
inhibiting the poly i . . T I re ..
particularly indi ca%lelégi'é ?ﬁ’sﬂ{&%’ﬁﬁ%%ﬁﬁﬂ%&?ﬁﬁﬁﬁ'ﬁeﬁﬁ&? P?mgf"lqrnhi biting
t he embodiments thereof, it is apparent that numerous other forms and modi-

fications of this invention will be obvious to those skilled in the art. The

10 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.
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) lm,””ma,!g MIHwof styrene under oxygen free conditions and high

tenpera- * are present when styrene is undergoi ng processing

such as distillation or purification. 5 The procedure
described to gggesssns t he exanples of Table |I was I epeatpReyuséfifisos
results of this testing are presented in Table I1.

TABLE |1 Tr eat ment Dose (ppm Pol ymer (ng/5 m) 10
Bl ank 174 PDA

100 33 PDA 11 50

114 PDA 25 THIS SHEST HAS BEEHA
100 70 15 HPHA REBDACED -
105 HPHA 25 141 PDA/ PHA
50/ 50 22 PDA/ HPHA 25/ 25

60 20 PDA is NHdvirg) thos described-the riventibre whititave claimis:  HPHA i s
bi s-N, N (hydr oxypropyl) hydroxyl am ne

1. A composition comprising a vinyl aromatic monomer, a
hydroxylamine compound and a phenylenediamine compound.

2. The composition as claimed in claim 1 wherein said vinyl
aromatic monomer is styrene.

3. The composition as claimed in claim 1 wherein said
hydroxylamine compound has the formula:

R
5 | N
N — OH
S

R4
10 wherein R and R4 are the same or different and are hydrogen, alkyl, ar-

alkyl, or hydroxyalkyl groups and preferably have about 3 to about 20
carbon atoms.

4. The composition as claimed in claim 3 wherein R is H and
R, is a Cg to Cpq alky! group.

5. - The composition as claimed in claim 3 wherein said hy-
droxylamine compound is N,N'-diethylhydroxylamine.

6.  The composition as claimed in claim 3 wherein said hy-
. droxylamine compound is isopropylhydroxylamine.

—_—

e



These resul ts

dermnstrate that the HPHA is effective by itself at

i nhi biti namﬁ “‘M on of styrene. These results further denonstrate
25 t'hat |ve than either the DEHA or | PHA reported in
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I AL APPLI CABI LI TY 30 The present invention

dghons and nethods for I nhi biting polynerization of
m)norrers duri ng nonomer processi ng condiRGTARE7RISEY as.
f the vinyl aromatic nononers. WO 97/ 35821

10

ns of the present inventi are added as a conbi - nation
di am ne conpound and a hydroxyl am pgyEo o the
nononer under goi ng processing. Thg co t 188 BEEN | i s

ffective at inhibiting polynerizat
n under oxygen-free conditions.

t Ehe durfing its
this

been gescr Tﬁé‘éompbﬁtléﬁigﬁrg{!e ]!rpéléfn‘l @Wgﬁrelglsald FR&ARA ment s

appar ent that numerous
enediamine compound has the formula:

Rz\ / N
MOM
R

wherein Ry, R3, R4 and Rg are the same or different and are hydrogen,

orns an

alkyl, aryl, alkaryl, or aralkyl groups having from 1 to about 20 carbon
atoms.

8.  The composition as ciaimed in claim 7 wherein said phenyl-
enediamine compound is N,N'-di-sec-butyl-p-phenylenediamine.

8. The composition as claimed in claim 1 wherein the weight

ratio of hydroxylamine compound to phenylenediamine compound ranges
from 1:9t0 9:1.

10. A method for inhibiting the polymerization of vinyl aromatic
monomers undergoing processing comprising adding to said monomers
an effective polymerization inhibiting amount of bis-N,N’(hydroxypropyl)
hydroxylamine.

11.  The method as claimed in claim 10 wherein said bis-N,N’(hy-
droxypropyl) hydroxylamine is added to said monomer in an amount rang-
ing from about 1 parts to about 10,000 parts per million parts of monomer.

_
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fications of this inymtion wll be obwous to those

The 10-,appended cl ai and this i-nventiof ‘generally construe
cover alt—such—ebvi-ous_forms and nodifications which a UteeMAr%qgg
spi rit a e of the present invention.

descri be @@B umm what we claimis: 1. A conposition
consi st a vinyl aromatic nono- nmer, a hydroxyl am ne
conmpound and a phenyfenedl am ne .conpoun : wherein the weight ratio of
t he hydroxyl am ne conmpound to the phenylene- di am ne conpound in the
vinyl aromatic nononmer is from 1:9 to 9:1. 2. The _
conposi tion as clainmed in claim1 wherein said vinyl aromati ¢ nonomner

i s styrene. 3. The conposition as clainmed in claim1l wherein

id h he f
[Sglr_r] 5 de(a)\)lQl\r/ng%Wuneeggr ed B'le |jt]f\fj}3nttlone wr?étnv}rje claim is:

1. A _compoéition consisting essentially of a vinyl aromatic mono-
mer, a hydroxylamine compound and a phenylenediamine compound,
wherein the weight ratio of the hydroxylamine compound to the phenylene-

~ diamine compound in the vinyl aromatic monomer is from.1:9 to 9:1.

7 2. The compoeition as claimed in claim 1 wherein said vinyl
aromatic monomer is styrené.

3. The composition as claimed in claim 1 wherein said
hydroxylamine compound has the formula:

R

N—OH
/ .

Ry

10 wherein R and R, are the same or different and are hydrogen, alkyl,
aralkyl, or hydroxyalkyl groups and preferably have about 3 to about 20
carbon atoms.

4. The composition as claimed in claim 3 wherein R is H and
R, is a Cg to Cy alkyl group.

5. The compasition as claimed in claim 3 wherein said
hydroxylamine compound is N,N'-diethylhydroxylamine. - ' '

6.  The composition as claimed in claim 3 wherein said
hydroxylamine compound is isopropylhydroxylamihe.

AMENDED SHEET



10 wherein R and R are the ga;re or different a NSOQGZIEIM.yBOS

aral kyl-, or hydroxyal groups and, preferably have amut
car bon atons. .. The conposition "as—et ai mm&&ﬁAR 1998
Whereln err] is a (err] to (ferr] alkyl group.
: Theﬁmwm‘)mﬁ ! laimed in claim3 wherein said hydr oxyl am ne
corrpound kS ydr oxyl am ne. 6. The conposition
as clainmed in claim3 wherein said hzydroxyl am ne conpound is '
i sopr opyl hydr oxyl ani ne. 12
7. The conposition as clained in claim1 wherein sai d
phenyl enedi am ne conpound has the fornul a: [err] 5

7. The composition as claimed in claim 1 wherein said
phenylenediamine compound has the formula:

R: - R4

5 \ -/
N = N
/ N
- :
N Rs | Rs
10  wherein R;, Rs, Rq and Rs are the same or different and are hydrogen,
alkyl, aryl, alkaryl, or aralkyl groups having from 1 to about 20 carbon
atoms. ' |
8. The composition as claimed in claim 7 wherein said
phenylenediamine compound is N,N'-di-sec-butyl-p-phenylenediamine.
fie 9. A method for inhibiting the polymerization of vinyl aromatic

monomers undergoing processing consisting essentially of adding to the
monomers an effective polymerizatidn inhibiting amount of bis-N,N'(hy-
droxypropyl) hydroxylamine.

10. The method as claimed in claim 9 wherein said bis-N,N'(hy-
droxypropyl) hydroxylamine is added to said monomer in an amount
ranging from about 1 part to about 10,000 parts per million parts of
monomer. ' '

AMENDED SHEET
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