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Appl i cabl e. Background of the Invention This invention relates to
conpositions of matter and nethods of using themto inhibit the

pol yneri zation of vinyl aromatic nononers. Many of these nononers

undesi rably pol ynerize at various stages of their manufacture, processing,

handling, n ' : ' ' r . ons
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reagents and becauseMEERIDEAUKYL. ANDROEOMINEBCOMBINATION on steps to
renove the undesired polynmers. Undesired pol ynerization reactions are
particularly problematic by vinyl aromatic nononers and form unwant ed

pol yner dofds@BefeR@cPty REheaaAppicRioasess. Two categories of conpounds have
been devel oped to prevent unwanted pol ynmerization reactions, inhibitors and
retarders. |nhibi thPSe prevent polynerization reactions from occurri ng.
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reaction vv'?(II tgeg rg‘ﬁiqllﬁ%’} recur. Retarders slow down the rate of
polyrreriil?ﬂ groupd R RO are not as effective or as inhibitors.
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reliable in cases of energency. At first only retarders such as sul fur, and
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undesirable polymerization reactions result in a loss in production efficiency because they

consume valuable reagents and because they require and additional puﬁﬁcation steps to remove
the undesired polymers. Undesired polymerization reactions are particularly problematic by vinyl
. 15 aromatic monomers and form unwanted polymer during the purification process.
Two categories of compounds have been developed to prevent unwanted
polymerization reactions, inhibitors and retarders. Inhibitors prevent polymerization reactions
from occurring. Inhibitors however are consumed rapidly. In cases of emergency when for a
mechanical or other reason more inhibitor cannot be added, previously added inhibitor will be
20 rapidly consumed and the unwanted polymerization reactions will then rapidly recur. Retarders
slow down the rate of polymerization reactions but are not as effective or as inhibitors. Retarders
however are usually not consamed as quickly so they are more reliable in cases of emergency.
_ At first 6n1y retarders such as sulfur, and dinitrophenols (DNP) (including 2,6-
dinitrophenol, 2,4-dinitrocresol, and 2-sec-butyl-4,6-dinitrophenol (DNBP)) were used to prevent
25  unwanted polymerization reactions. Later two classes of inhibitors were used
dialkylhydroxylamines (ipcluding hydroxypropylhydroxyamine (HPHA)) and nitroxides (so-
called stable free radicals). Because of safety concerns in the event of a plant malfunction,
inhibitors alone cannot be used and they therefore are often combined with retarders.
_ DNP retarders however are highly toxic and there is a significant need for a
30 replacement for them. One class of compounds that was hoped can be a retarder in the place of
DNP are quinone methides. Quinone methides slow the rate of polymer formation under static

~ conditions and do not need to be frequently re-fed. However quinone methides must be used in



unwant ed pol ynerization reactions. Later two classes of inhibitors were
used di al kyl hydr oxyl am nes (i ncl udi ng hydroxypropyl hydr oxyam ne (HPHA)) and
ni t r oxi deso(snwmhdsed stable free radicals). Because of safraisyoiooemer ns in
the event of a plant nal function, inhibitors alone cannot be used and they
therefore are often conbined with retarders. DNP retarders however are
highly toxic and there is a significant need for a replacenent for them
One cl ass of compounds that was hoped can be a retarder in the place of DNP
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15 C.F.R. § 1.56(a) exists. Any and all patents, patent applications, and other references cited by
» this application are hereby incorporated by reference in their entirety.
Brief Summary of the Invention o
_ | - Atleast one embodiment of the invention is directed towards a method for
inhibiting thé premature polymerization of vinyl aromatic monomers by adding to the monomers
20  an effective amount of a composition comprising at least one inhibitor and at least one retarder.
The retarder is a substituted quinone methide. _ _
At least one embodiment of the invention is directed towards a method in which. .
the retarder is selected from the list consisting of: 2,6-di-t-butyl-7-cyano quinone methide, 2,6-di-
t-butyl-7-carboxy quinone methide, 2,6-di-t-butyl-7-methoxycarbonyl quinone methide, and any
25  combination thereof. The inhibitor can be an alkylhydroxylamine. The retarder can be non-toxic.
The inhibitor can have a dosage of between 1 to 200 ppm, based on the weight of the monomer.
The rétarder can have a dosage of between 1 to 1200 ppm, based on the weight of the monomer.
At least one embodiment of the invention is directed towards a method in which
the inhibitor and retarder are added separately to the monorher. The amount of inhibitor in the
30 presence of the monomers can be maintained at a relatively constant amount by adding the
“inhibitor in increments over time. The inhibitor can be added intermittently or continuously and

can be continuously dispersed throughouf the monomer. The inhibitor can be selected from the



Brief Summary of the Invention At |east one enbodi ment of the invention is
directed towards a nethod for inhibiting the premature pol ynerization of
vi nyl ar owet2om/odpnoner s by adding to the nononers an ef pectisy@oappunt of a
conposition conprising at |east one inhibitor and at | east one retarder.
The retarder is a substituted quinone nethide. At |east one enbodi nent of
the invention is directed towards a nmethod in which the retarder is
selected fromthe list consisting of: 2,6-di-t-butyl-7-cyano qui none

net hi de, 6-dit.- buryl-7-carho i,none. net hi d .
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non-toxi c. The_inhibitor can have a dosage of between 1 to 200 ppm based
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the invention is directed towards a nethod in which the | I tor and
retarder by ibe adiliean of ep inhihitef-yetarder combingtiooner . The anount of inhibitor in

the presence of th n 0t alen «a.relativel vy cons t
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t hr oughou tl}:e manoner . The i ngi bitor. can he selected fromthelist
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di et hyl hydr oxyl am mey puzgdesdTihis apphiciahite deihiios of “intsia sedoBsgfiddur on of
the Invention hi at . |east one enbodi nent the premature pol ynerization of
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conpl et el Yratgi wowd fasmedhat i Breshsenemofdhe wmpasitiprecefimattepol yer during a gi ven
reaction. For purposes of this application the definition of “retardér” isa composition of
matter, which does not have an induction time, but instead once added to the given reaction the
15 | composition of matter reduces the rate at which the formation of the particular polymer occurs
relative to the rate at which it would have formed in the absence of the composition of matter.

In at least one embodiment the inventive inhibitor is an alkylhydroxylamine
selected from the List consisting of hydroxypropylhydroxylamine and diethylhydroxylamine and
the inventive retarder is a 7-substituted-quinone methidé./ The 7-substituted-quinone methides is

20 selected from the list consisting of a 2,6-di-t-buty1-7-cyano quinone methide, a 2,6-di-t-butyl-7-
" carboxy quinone methide, and a 2,6~di-t-butyl-7-methoxycarbonyl quinone methide.
For purposes of this application, the definition of ‘_‘2,6-di—t—but§1—7-cyano quinone

methide” is a molecule according to the formula:

Sew

25 For purposes of this application, the definition of “2,6-di-t-butyl-7-carboxy
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For purposes of this application the definition of "inhibitor"” is a
conposition of matter that inhibits the formation of the particular polyner
during anwonduwedi@o ti me but after the induction tinme hasthapsed2ethe
particular polymer's formati on occurs at substantially the sanme rate that
it would fornmed at in the absence of the conposition of matter. For
purposes of this application the definition of "retarder" is a conposition
of matter, which does not have an induction tinme, but instead once added to
t he given reactiqgn. the co S|t|on of tter reduces the rate at which the
f or mat i onTHHONF HE tlsiac’E}P ‘b%‘ic e R thederulas| ative to the rate at which it
woul d have fornmed in the absence of .the conposition of matter. In at | east
one enbodi nent the inventive |nh|b|por i s an al kyl hydroxyl am ne sel ect ed
fromthe |ist COﬂSIStInngf hydroxy-ropylaydroxylanlne and

A .,‘_‘ grder is a 7-substituted-quinone
nmet hi de. The 7-substit utwe=qurme eSS g sel ected fromthe |ist
consisting of a 2,6-di-t-butyl-7 gui none et hide, a 2,6-di-t-butyl-7~
car boxy qui none nethlde and a 1% i-tl - 7- met hoxycar bonyl qui none
met hi de. For purposes of this app7ﬂ~-‘ion, the definition of '
"2,6-di-t-butyl-7-cyano qui none HELIIde is a nolecule according to the
formul a: For pur poses of this appl|-at|on the definition of
"2, 6-di-t-butyl-7-carboxyqui none net oig a nol ecul e according to the
fornula For .purposes of this appllcatlon 2ﬁhe definition of
"2,6-di-t-butyl-7- methoxycarbonyl quinone nethide" is a nolecule according
to the formula: For tenperatures of up to 120 0C, the effective anount of
t he conbi nation of F@M@yp&mﬂﬁ;ﬁbﬂgﬁqﬁg@%ﬂgn@«@gm_g_gllltw—; about 1 to 200
ppm based on the weigh t he nononer. The effective anbunt of the
conbi nat i wethefycabayhgonensimrsitide iea totkeule scoprdmgtalthefommdut 1 to 400 ppm
based on the wei ght of the nononer. Anounts outside this range may be
appropri at e -dependi ng upon the congltlons of use. For higher tenperatures,
the effective dosages _ :

For temperatures of up to 120 0C, the effective amount of the combination of
alkylhydroxylamine compound is typically about 1 to 200 ppm, based on the weight of the
monomer. The effective amount of the combination of 7-cyano-quinone methide is typically
about 1 to 400 ppm, based on the weight of the monomer. Amounts outside this range may be

10  appropriate depending upon the conditions of use. For higher temperatures, the effective dosages
will be higher.

The inhibitor-retarder combination of the present invention is suitable for use over
a wide range of temperatures, but temperatures employed with the monomers that are stabilized
by the invention typically range from about 60 degrees Celsius to about 180 degree;s Celsius.

15 The inhibitor-retarder combination can be introduced into the monomer to be
protected by any conventional method. It can be added as a concentrated.solution in suitable
solvents just upstream from the point of desired application by any suitable manner. For example,
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wi || be higher. The inhibitor-retarder conbination of the present invention
Is suitable for use over a wide range of tenperatures, but tenperatures
enpl oyed wibt2010tdogogoononers that are stabilized by the i meeniscen/obopi cally
range from about 60 degrees Cel sius to about 180 degrees Celsius. The

I nhi bitor-retarder conbination can be introduced into the nononmer to be
protected by any conventional nmethod. It can be added as a concentrated
solution in suitable solvents just upstreamfromthe point of desired

application. bhy.any. suitable nner. For exanpl e, the indivi.dual,.i nhibitor
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i || ust rateHedsd®hre not intended to limit the scope of the invention.

Example 1 In a firghe @%esRhe nily GRNRAELI SRTRr0RY BYRLALORE WS aRe Bl e of a
prior art retarderinhibi toréeco?mi nati on conpr il?iang HPHA i nhi bi tor and DNBP

ret ar der aadpks.ouliph arcoreseried foswarmepss of illushptéparand g potriptended ipilingk i on
conpri si ng. 90017)6 Stis ok tHigd- qui none met hi de retarder and an HPHA inhibitor.
The retarders were added to each sanple at a dosage of 350 ppmrelative to
nononmer wexagpigle And t he i nhi bitor was added at a dosage of 150 ppmrelative
to m n.o rTer e ght In a first example a comparison was made between a samplé of a prior art retarder-
inhibitor combination comprising HPHA inhibitor and DNBP retarder and a sample of the
15  inventive retarder-inhibitor combination comprising a 7-substituted-quinone methide retarder and
an HPHA inhibitor. The retarders were added to each sample at a dosage of 350 ppm relative to
monomer weight and the inhibitor was added at a dosage of .150 ppm relative to monomer weight
in a coﬁtinuous stirred tank reactor. The two samples were heated to 120 degrees Celsi_us and
underwent a [-hour residence. The prior art sample resu}ted in 539 ppm of unwanted polymer
20 while the inventive retarder-inhibitor combination only had 38.5 ppm of unwanted polymer. This
demonstrates that not only is the inventive retarder-inhibitor combination capable of inatching the
performance of the prior art combination without the toxicity, it in fact has unexpected vastly
superior performance. ' |
Example 2
25 In a second example a comparison was made between a sample a prior art
retarder-inhibitor combination comprising HPHA. inhibitor and DNBP retarder and a sample of
the inventive retarder-inhibitor combination comprising a 7-substituted-quinone methide retarder
and an HPHA inhibitor. The retarders were added to each sample at a dosage of 350 ppm relative
to monomer weight and the inhibitor was added at a dosage of 22.5 ppm relative to monomer
30 weight in a continuous stirred tank reactor.

The two samples were heated to 120 degrees Celsius and underwent a 1-hour

residence. The prior art sample resulted in 573 ppm of unwanted polymer while the inventive



in a continuous stirred tank reactor. The two sanples were heated to 120
degrees Cel sius and underwent a 1-hour residence. The prior art sanple
resul t ed wo 208%9p@n of unwant ed pol ymer whil e the i nvencrars2010/022977
retarder-inhibitor conbination only had 38.5 ppm of unwanted pol yner. This
denonstrates that not only is the inventive retarder-inhibitor conbination
capabl e of matching the performance of the prior art conbination w thout
the toxicity, it in fact has unexpected vastly superior performance.
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conprising. a 7-substituted-qui none nethide retarder and an HPHA i nhj bitor.
e retar ‘i v

The ret gfé\“é”%‘ilf polymeramdersmesreRcYcoRfifiansavhere aduional ipffibitps gangigiheadied i ve t o

mononer vei ght  and chiiguek BAIBRIkARE VRS SRR pBrafOS A8 arRingdRerBoPPM T el at i ve

to nononer . wei ght in a continuous stirred tank reactor. The two sanples
wer e heat g mefhod pHthg ényertion desdribpd berein sritherd denesiing from thesomceptawildence. The

prior art : i - foHE i le t.he

i nventi ves?ce?éﬁ&%r 1? ?%hk%?S?%e;ﬁﬂgdglzﬁ%lé;(gﬁngnv%m@?ﬁ%%geﬁh yg&%g%ﬁ({n{ﬁ%ﬂ?ed

pol ymer . mmysdiffeamdstrsathers atershowh el desaribed indetaildemidgesifin hrefirtedr

combi nati on i,s even . .capabl.e drasti,cal ly .preventi. t he_producti on of
ovant o SRR ARG The HoRSE SRl S R BB SR BE S i bi L or

cannot bepridthed of HRamgasoncmn it meded o linkiethe aeonttd 3 paRidelaat i on, and

arrangenent. of the_nethod_of the invention described herein w thout
depar 9 ngemhogmandlipsiated p Fethegmae dpenyention snGoppasses W Passiief i ned in t he

claims. WynlifnakiBh 8t oR@RhI B hEPHidAS eRBRRHER s BB RYre i TAfIELRAL, fOrms, there
are shown and described in detail herein specific preferred embodi nents of

t he i nvertatenhapplipatiops. endérefereficecnerdigned heteim pre dguebipinedrperatedl by rafirenche
pri nci pl eiit?etirélﬁf'e& nvention and is not intended to limt the invention to
t he particular '

The above disclosure is intended to be illustrative and not exhaustive. This

15 description will suggest many variations and alternatives to one of ordinary skill in this art. All
these alternatives and variations are intended to be included within the scope of the claims where
the term "comprising” means "including, but not limited to". Those familiar with the art may
recognize other equivalents to the specific embodiments described herein which .equ_ivalents are
also intended to be encompassed by the claims. _ _

20 This completes the description of the preferred and alternate embodiments of the
invention. Those skilled in the art may recognize other equivalents to the specific embodiment

described herein which equivalents are intended to be encompassed by the claims attached hereto.



enbodi nents illustrated. Furthernore, the invention enconpasses any
possi bl e conbi nati on of sonme or all of the various enbodi nents descri bed

herei n. Ayb pabv®ni4s, patent applications, and referencepcranteonesd7herein
are hereby incorporated by reference in their entirety. The above

di sclosure is intended to be illustrative and not exhaustive. This
description will suggest nmany variations and alternatives to one of
ordinary skill in this art. Al these alternatives and variations are

intended to be included within the scope of the clains where the term
"conpri siAg"™™freans "including, but not linted to". Those familiar with the
art may recogni ze other equivalents to the specific enbodi nents descri bed
herei n which equivalents are also intended to be enconpassed by the clains.
Thi's conpj et esAEﬁb%o@Q@rQﬁﬂi@ihh?&e Pferidife PoIGhEA86h anfbraldeRHyatgng iR Nent s
of the invention. Those skil in the art may recogni ze ot her_ equival ents
to the spaenonjess angbiSeiveamourtes & coBRASition camprisig & feagipue vimkiter andat leastoiended
to be e C@ﬂﬂ%?%ﬁ&eﬂ%etlﬁﬁbﬁér% SR ARRS A ol theChidlaBSis 1 7. ool for
i nhi biting the premature polynerizat nmononmers by adding to said
mononer s quinoad hmdnde\selea‘ntbfmn theef llsaccw@mm@oft 1, @dl—bbutyiﬂ syang quinodegusthide -
i nhi bi tor_ .and | east _one re e_inhi bi-tor
a1 Kyl by or By ratEe e PEPREE- A eSS P el Aot e ider
sel ect ed dnf@bMmbiAgtidnl thdrecfonsi sti ng of. 2,6 d|-t butyl - 7- cyano qU|none
met hi de, 2,6- di-t-butyl-7-carboxy quinone nethide,
2,6-di-t-butyl-7-methoxycarbonyl quinone nethide, and any combination
thereqf. 2. TheeRRIRAGFOhint] Al Whidn tnd mbRbbts hi3& i PPAERBASmakdned. Nyl aromatic
mononers. 3. The method of claim 1l further conprising an additional
inhibitor selected fromthe |ist consisting of hydroxypropyl hydroxyl am ne,
di et hyl hy, rox I | f. . .claiml
n which The r El,‘j? gn%d o?giglﬁggﬁlt J@Hﬁﬁ&h& A ﬁcﬂﬂ{o?lgl mhléitor-gggct&ﬁ%}ﬂ %eqfst
consisting of hydroxypropylhydroxylamine, diethylhydroxylamine, and any combination thereof.

15 4, The method of claim 1 in which the retarder is non-toxic.

5, The method of claim 1 wherein the inhibitor has a dosage of between 1 to 200 ppm, based

on the weight of the monemer.

20 6. The method of claim 1 wherein the retarder has a dosage of between 1 to 1200 ppm,

based on the weight of the monomer.

7. The method of claim 1 in which the inhibitor and retarder are added separately to the

monomer.
25
8. The method of ¢laim 1 in which the amount of inhibitor in the presence of the monomers
is maintained at a relatively constant amount by adding the inhibitor in increments over time.
9. The method of claim 1 in which the monomers are in a processing stage.
30

10.  The method of claim 8 in which the inhibitor is added continuously.



5. The method of claim1l wherein the inhibitor has a dosage of between 1 to
200 ppm based on the weight of the nononer. 6. The nethod of claim1
wher ei n tyo 208i@icer has a dosage of between 1 to 1200 ppmush@asmereon t he
wei ght of the nononmer. 7. The method of claiml in which the inhibitor and
retarder are added separately to the nononer. 8. The nethod of claim1l in
whi ch the amount of inhibitor in the presence of the nononers is maintained
at arelatively constant anmount by adding the inhibitor in increments over

Stage. 100 Trathathsd o5redt vt i BeB R ¢ ol Pl e "

conti nuomluyioﬂl. The nethod of claim1 in which the inhibitor is
continuously dispersed throughout the solution. 12. The nethod of claim1l
in which the nononer is at a tenperature of between 60 and 180 degrees

Cel sius. {b3. g nﬁﬁioﬁ%@'cl%n Phﬁ{rm}ilthb Hm%’&@rhs 51h8eRRRAR 03 b&Eer 6d Ad 180
manuf act uri ng st age. . The nethod of claim1 further conprising the step
of addh ngiegﬁﬁit@%ltﬂy&butyl cat echol, the tertiary-butylcatechol functioning as
an inhibitor during storage and transport. 15. The method of claim 14
further conprising the steps of renobving the tertiarybutyl catechol, and

pr oduci ndl3pol Yt yrethod of ¢loim 1 mewvhicinhemosomers are in a manufacturing stage.

14.  The method of claim 1 further comprising the step of adding tertiary-butylcatechol, the -
10 tertiary-butylcatechol functioning as an inhibitor during storage and transport.

15.  The method of claim 14 further comprising the steps of removing the tertiary-

butylcatechol, and producing polystyrene from the monomers.



