200630032 - 1 Polynerization inhibitor for
stabilizing olefinically unsaturated nononmers The
invention relates to the use of a polynerization S
inhibitor for stabilizing olefinically unsaturated
monore’$>08Ad t o a nononer conpédsition which conprises
both olefinically unsaturated nononers and this
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mononers, for exanple butadiene, tend to pol ynerize
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or plant parts, for exanple filters, which are bl ocked

by the undesired polynmer, can lead to interruption of
35 pﬁggggtpg@ﬁlnlcally ungaturated monomers can polymerize

as early as during the preparation and/or purification
20  process. Some of these olefinically unsaturated
moncmers, for example butadiene, tend to polymerize
spontaneously even in the course of storage or in the

course of transport.

25 This premature and undegired polymerization of these
clefinically unsaturated monomers leads firstly to a
reduction in the amount of usable olefinically unsatu-
rated moncmers, and secondly to undesired deposition of
undesired polymer. This deposition of the undesired

30 pelymer can lead under some circumstances to reduced
heat transfer in individual plant parts. Moreover,
surfaces which are coated with the undesired polymer,
or plant parts, for example filters, which are blocked
by the undesired polymer, can lead to interruption of

35 production,

Consequently, additives are generally added to the

clefinically unsaturated monomers as early as in the



Consequently, additives are generally added to the

ol efinically unsaturated nononers as early as in the
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to either as polynerization inhibitors or as
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20 protectlon for use in industrial scale processes.
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Polymerization inhibitors frequently described in the
literature are so-called stable free nitroxyl radicalsg,
for example 2,2,6,6-tetramethylpiperidine N-oxyl
25 (frequently abbreviated as TEMPO). For example, US
3,747,988 describes the addition of a nitroxyl radical,
especiallx of 2,2,6,6-tetramethyl-4-hydroxypiperidine
N-oxyl, te“acrylonitrile before the distillation. These
stable free radicalg are also described in US
30 3,488,338, except asg chain terminators for 2-chloro-
1,3-butadiene. U3 4,670,131 describes the use of these
stable free nitroxyl radicals as a polymerization
inhibitor for stabilizing olefinically unsaturated
mMonomers, for example ethene, propene, butene or
35 butadiene.

The use cf stable free nitroxyl radicals is described,

inter alia, by the follewing publications "Inhibition



stable free nitroxyl radicals as a polynerization
inhibitor for stabilizing olefinically unsaturated
nononers, for exanpl e ethene, propene, butene or 35
but adi ene. The use of stable free nitroxyl radicals is
descri®08d°%3Enter alia, by the $oflow ng publications
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roved action over the prior art ‘
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unsaturated monomers which have stable free nitroxyl
radicals are described, for example, by US 2003/080318,

20 WC 2002/094884, WO 2002/033026, WO 2002/00816, EP 1 077
206 and DE 189 56 509.

It is therefore an object of the present inventicn to
provide a polymerization inhibitor for olefinically
25 unsaturated monomers with improved action over the
prior art. In particular, a polymerizaticn inhibitor
ghall be provided which has improved properties in the
stabilization of olefinically unsaturated monomers with
respect to premature polymerization during the prepara-

30 tion and purification process or during storage.

It has been found that, surprisingly, compounds of the
formula (1) and/or (2) are suitable as polymerization
inhibitors for olefinically unsaturated monomers. The
35 preparation of these compounds has been known for sowme
time, but it has not been recognized that these
compounds can be used as pelymerization inhibitors. It

was also surprising that these compounds which do not



shall be provided which has inproved properties in the
stabilization of olefinically unsaturated nononers

with respect to premature polynerization during the

prep} 36330 tion and purlflcatlon process or during

stor & "“Has been found that? Surprisingly,

conpounds of the fornmula (1) and/or (2) are suitable

as paql rizatio nhiibi tors for_ol efinjca

unsa 5%%%5 ﬁ%none?% The® 35281 Epar & %ﬁp%¢%s%hls action
conp@¥nds sl ween datcwn f orhSoieor ti Mae bablitidas to this
not kﬁﬁ@ﬂ)lre%c% zeth t PRt ﬁB?éesuQBgﬁggﬂg Ganpesed oo
as pal rization inhibitors g surprising

that NS @ﬁﬁpGEPﬁdé‘%P@hOéotﬁéﬁezeewseesgs ag polymeriza-
possesisna Bﬁﬁb}ll&:cfrrseasr andm;ﬁfaive@_iil_hrbxﬁﬁﬁ pbaYyot hist a&b&?ﬁerlza—
as a y t tar e s tion_to t
probtggkvggﬁ%. % nDre éu?br|5|ng 3¥#EﬁftﬁﬁFe tramgal in
f oun&herat Q?ﬁPQﬁHHQWI%ithhébe Gﬁwwnumdkaasamohwnemniapoly—

5 tiaBriiBAkbLRON SnhSbd BF 0Ved ONer Jrdsor, @kl y
polynmeriza- tion jnhibitors which have a staple Free raced

radi &IN5 héi r- SYFUCPUr ¥ W PR RBEsdfe it aplefinically
Bhounnsetupelbyd nmemicretrisordmhbdi bbtaiNedh®y the inventive
ol ef i,ni.c atur d ner.s, Iomer polyne

cont e%ke Fyr?l W%’éa%%% tet;%l f#h;%a Efmo% au%tsat%lr At et ofioner sthe same
can BelEBEaEi ndd asy: e |hWen$PVe Qkﬁixnmﬂ@dﬂed tongheurated

pri ofoablerAl temnald Valyiedde SAME =RELYEBI JfHact 12 unt of
in the,ol efini unsat ur at e nononers can be

|y
achi BV&d "By lgagﬁﬁFlé?h %1 -anount of  pol yneri zat i on
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t he m28oherayl @hé Ipolyvmerization inhibitor compriging
. from 0 to 100% by weight of a compound of the
20 formula (1)
Ri R,
il
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and
25 e from 100 to 0% by weight of a compound of the

formula {(2)



R R Y] O0=NX- Y2 RBR4 (1) and 25 from 100 to 0%
by wei ght of a conpound of the fornula (2) 200630032

5- R XY H N+ HXZ\ Y2 R3 Ry (2) where:

and R4 = al kyl group having from1l to 4 5

R, R, R3 _
car b %08 “and Y1, Y2 = al kyl 3group having from1 to

4

carbon atons, or Y1 and Y2 together forma ring

system X = inorganic or organic anion, 10 where the
substituents of the RlL, R2, R3, R4, Y1 and Y2 type
are the sanme or diffeRent Roeither the substituents of
the Y1 and Y2 typge or t ring system based on the
substituents of the Y1 Y2 type may be
unsubstituted or dlhhstituted, and the sumof the
percentages by 15 weight of the conpounds of the
formula (1) and (ZAHOadd up to 100% by wei ght, and
bei ng mixed with an ol effAical |y unsat urat ed

10
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20

25

30

R4 R4 (2)

where:

Ri, Rz, Ry and Ry = alkyl group having from 1 to 4
carbon atomg and

Yy, s = alkyl group having from 1 to 4
carbon atoms, or Y, and Y,
together form a ring system,

X = inorganic or organic anion,

where the substituents of the Ry, R,, Ry, R4, ¥; and Y,
type are the same or different, either the substituents
of the Y, and Y, type or the ring system based on the
substituents of the ¥, and Y, type may be unsubstituted
or substituted, and the sum of the percentages by
weight of the compounds of the formula (1) and (2) adds
up to 100% by weight,

and being mixed with an olefinically unsaturated
monomer or monomer mixture which comprises at least one

olefinically unsaturated monomer.

The invention further provides a wmonomer composition,

the wmonowmer composition comprising a polymerization

inhibitor which comprises

® from 0 to 100% by welght of a compound of the
formula (1) and

. from 100 to 0% by weight of a compound of the
formula (2},

and comprising at least one olefinically unsaturated

monomer.



nonomer or nononer m xture which conprises at | east

one olefinically unsaturated nononer. 20 The

invention further provides a nononer conposition, the
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Ri R,
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X- Y,
R R
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and
10 . from 100 te 0% by weight of a compound of the
fermula (2)
X-
Yy
H\\N+
yd
HO
Y2
R3 R4 (2)
15  where:
Ry, Rz, Ry and R, = alkyl group having from 1 to 4
carbon atoms and
Yy, Yi = alkyl group having from 1 to 4
carbon atoms, or Y, and Y,
20 together form a ring system,

X = inocrganic or organic anion,



Y2 R3 R4 (2) 15 where: R, R2, R3 and R4 = al kyl

group having from1l to 4 carbon atons and Y1, Y2 =

al kyl group having from1l to 4 carbon atoms, or Y1

and gether forma ring systen1 X = inorganic

or organlccg%’ 200630032 - 77 vihere the
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formula (1) and of the fornmula (2) . In particu- lar,
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from™0 t° 60 BYPLRERgltSef ©h ddmseuneh Gfngtieat2ion  inhibi -
for mtlears( 1)etttkr E6PLEAGE0 A0%hRY WBHENi 2018 or of the

Conp%%@%mgg t&ﬁ :&%§W8éauéébz However, preference is given
15 in the inventive use to using a composition as the
polymerization inhibitor which comprises both compoundsg
of the formula (1) and of the formula (2). In particu-

lar, a polymerizaticn inhibitor is used which comprises

. from 40 to 60% by weight of a compound of the
20 formula (1)

and

® from 60 to 40% by weight of a compound of the

formuia (2).
Particular preference is given To using a

25 polymerization inhibitor which comprises

. from 45 to 55% by weight of a compound of the
formula (1)
and
. from 55 to 45% by weight of a compound of the
30 formula (2).

The polymerization inhibitors used in the use according
to the invention can be prepared in a process as
described by Merbounh et al. in "Preparation of
35  tetramethylpiperidine-l-oxoammonium salts and their use
as oxidants in organic chemistry. A review" (Organic
Preparations and Procedures International, 2004, 36(1),

3-31) or Golubev et al. in "Some reactions of free



Particul ar preference is given to using a 25

pol yneri zati on inhibitor which conprises from45 to
55% by wei ght of a conpound of the formula (1) and

fron1% 45% by wei ght of a conpound of the 30

f or mdl §6€§P “The pol yneri zati on& nhibitors used in the
use according to the invention can be prepared in a
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International, 2004, 36(1), 3-31) or Colubev et al.

in "Some reactions of free 200630032 - 8 i m noxyl
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after the preparatlgn process can be dispensed with.

In a particular embodiment of the wuse of these
20  polymerization inhibitors according to the invention,

they are prepared in situ.

In a particular embodiment of the use according to the
invention, the substituents of the Y; and Y, type are
25 substituted, the substituent or these substituents of
the substituents of the Y, and Y, type being selected
from alkyl, ester, ether, hydroxyl, oxo, cyano, oyano-
hydrin, amino, amide, carboxyl, halogen, hydantoin,
ketal, acetal or urethane group.
30
The two substituents of the Y, and Y, type of the
polymerization inhibitor together preferably form =&
ring system. In the use according to the invention,
particular preference ig given to using a polymeriza-
35  tion inhibitor which compriges
. from 0 to 100% by weight of a compound of the
formula (3}



20 polymerization inhibitors according to the
invention, they are prepared in situ. In a particular
enbodi ment of the use according to the invention, the
substituents of the Y1 and Y2 type are 25

subst#9% €32 he substituent or 4 hese substituents of
the substituents of the Y1 and Y2 type being sel ected
fromal kyl, ester, ether, hydroxyl, oxo, cyano, cyano-
hydrin, am no, an1de carb xyl, hal ogen, hydantoi n,
ketal, acetal or uretﬁ% foup. 30 The two
substituents of tE@

pol ymeri zati on i nhi bitor
ring system In theyusg*accor
particul ar preference i
35 tion inhibitor which ises fromO to 100% by
wei ght of a compound of /tke formula (3) 200630032 - g
- R R X- 0=NE R3 RR3(3)Rsand from 100 to q&gby

wei ght of a conpound of the 5 formula (4) X- ‘R

INt E HOR3 R4 (4) where: 10 Rl, R2, R3 and R4 =

al kyl group having from1l to 4

gto the invention,
to using a polynerlza-

and
. from 100 to 0% by weight of a compound of the
5 formula (4)
X- R Ry
H
N
//N E
HC
s R @)

where:

10 Ri, Ry, R; and Ry = alkyl group having from 1 to 4
carbon atong,

E = aikyl, ester, ether, hydroxyl,
0XO0, cyano, cyanohydrin,
amino, amide, carboxyl,

15 halogen, hydantoin, ketal,
acetal or urethane group and

X = inorganic or organic anion,

where the substituents of the Ry, R, Ry and Ry type are

the same or different. In the use according to the

20 invention, very particular preference is given to using

a polymerization inhibitor which comprises compounds of

the formula (3) and/or (4) where R;, Ry, R; and R, =

methyl group.



carbon atons, E = alkyl, ester, ether, hydroxyl, oxo,

cyano, cyanohydrin, am no, am de, carboxyl, 15

hal ogen, hydantoin, ketal, acetal or urethane group

and X = inorganic or organic anion, where the
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sane or different. In the use according to the 20
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using a polynerization inhibitor which conprises
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pol yrfer i zaki oronfetthe aof efthie 1bntabd yorunsat Upall@derization
nmononej, ; 19k -2 Qﬁgt%h@eE%Eb%g'tibeme Srkpdcgﬁtgﬁng wg}ch is
pol ymerization occurs in the case of an olefinical .
unsatiFatdd ndhoREEVRNEREEL ke BoIymERTZan tPBn the olefini-
EBhi biallof | Snéheiedioee shecker than Ehec@%%éﬂq R iRAN The
Olefl%&ﬁ%h’Xn%ﬂﬁ?tgéf%%grfgggﬂgg g%gurg in the case of an
pol ymeri zat i on i'nht Di .

olefinically unsaturated mconomer without a polymeriza-
tion inhibitor is therefore shorter than the period for
an olefinically unsaturated monomer with a

20 polymerization inhibitor.

Moreover, in the context of this invention, olefini-
cally unsaturated monomers are understood to mean
compounds which have at least one C-C double bond and

25 are capable of entering intc a polymerization reaction.

In the use of the polymerization inhibitor according to
the invention, preference is given to using at least
one olefinically unsaturated monomer selected from
30  alk-l-enes or alka-1,3-dienes which may be either
ungubstituted or substituted. Preference isg given to
using colefinically unsaturated monomers selected Ffrom
ethene, propene or propylene, butadiene, vinyl acetate,
{meth)acrylic acid, (meth)acryiate, acrylonitrilie,
35 acrolein, N-vinylformamide, chloroprene, isoprene,

divinylbenzene or styrene.



Moreover, in the context of this invention, olefini-
cally unsaturated nononers are understood to nean
compounds whi ch have at | east one C-C doubl e bond and
25 are capabl e of entering into a polynerization
reacti’§%29%PR the use of the potlymerization inhibitor
accordlng to the invention, preference is given to

[ east _one ol fi |caIIy unsat ur at ed nononer

usin
selegféd ??oﬁ?§5e§Fk‘? ehB8® o THBkE I 13- diBpidy) aginchic acid
may beasict heothunsubglituted dr substictibedylic acid, and

e RREAngab T ILKEN hOonlS D0 LGl L apasa vl atgedmeth_

nononers _sel e t hene ene or
but adic&le 1cviemfleracetares O@ﬁé@ﬁ}@@l%’h vngetdyated monomers

(sret braepykaber 186E¥R08Et fhd s B3R @Dl ei n,

N-vi nyl f or mam de, chl oroprene, isoprene,

di vi nyl benzene or styrene. 200630032 - 11 In the

cont éxt tdfe this hnvendiom, témehh) iackykienaciid DEapSssibie

bot hacr . Ceﬁfﬂ@r %}E’e ot%] S c} '(S:f agigflﬁfg%l%% Hnsaturated

nmet h) acryl ate nmeans b iC esters an
gcryWPEO@§F§rs‘“%he§e SPéFPﬁ?caFﬁy uhsiateented olefinically

nwnoneesstudabedngosulastst uted or unsubstituted. In the

use according to the invention, it is possible to use

ei ther one conpound of olefinically unsaturated

monofer $her usar adamaliofy did ferentnotefiod cathy pdOymeriza-

unsatupat egnﬁ@ﬁ@%fﬁ kByt hgc usgyacgording, f 0 t%?eflnlcally
i nventi on, %gerlza tron inhibitors

adde&n?GtPﬁﬁtﬁﬁefT YT aFnsat uFat el nﬁﬁ@#ﬁﬂéﬁasoa‘ as a
B0l i duspehstdron On akia bassuspﬁasmﬁﬂymbﬂlbatﬁoﬁa&ﬁhlbitors

t he H?gyr@[géat ban éa‘i‘({fé(g’l tors Jmy oa_LeSfol ﬁgggd utngaturated

the olefinicall undat urated Hohoners
proc@@@om‘FW éiiéa’ﬁfﬁge %r Bparerd.onfor epqairﬂpﬂlecawmratlon or

procgﬁﬁlfi&a‘iﬁoﬂi PR AFEOUS, 1&[‘ éch?aﬂt%%e%fus,t I'l%seche use of
pol yggrl zat | Oo ymerllbzla ggg aCC %Ilg%rtso accordlng to the
20 invention, to ensure a suitable sgolvent or dispersant
which is compatible firstly with the olefinically
unsaturated monomer and also with these polymerization

inhibitors, and that there can be no undesired reactions.

25 These polymerization inhibitors can be added to the
unsaturated wmonomers or monomer mixtures by common
prior art methods. Advantageously, in the use according
to the inventicon, the polymerization inhibitors can be
added to the feed stream of a distillation column, into

30 the inlet and outlet of a heat exchanger or of an
evaporator ("boiler") or into the inlet and outlet of a
condenser. In addition, in the use according to the
invention, the polymerizaticn inhibitors may alsc be
added to the olefinically unsaturated monomers in

35 storage tanks,

In the context of thig invention, the term "effective

amount o©f the inventive polymerization inhibitor" is



20 invention, to ensure a suitable solvent or

di spersant which is conpatible firstly with the
olefinically unsaturated nononmer and also with these

pol ynerization inhibitors, and that there can be no
undesi%éd Wedct i ons. 25 These- pbt yneri zati on

i nhibitors can be added to the wunsaturated nononers

or nononer m xtures by common prior art methods.

Adva SUSS, iTPt hBe@Be &&€or diiyntt o ¢he polymerization
I nventdhomitilte pakyherigzatic@@ednhtbi tersvaan hee addefature
to t f - of ra distillation | um, into 30

the TReaia SaE et *5f ‘G helt-ooxBhaROLY QPTG ted momo-
evapdiEdor Trisoidideotige Bmporthefi nhet peddmeutibet iof inhi-
as CQﬁq:QﬁseirS débél’gﬂéﬂﬂ Qbord ntﬁ@egé‘z_%@im dlhﬂ?efo L1080 the
i nvent.iqn, .th ol yneri zation inhibitors nmay al so be
addedﬂte%nlflﬁgagllg’fi SEL LR FOGCAREd Ifondrsred i g Bgndled.

st or &ge t anksplen tHe cohkextaek thifs daventiepiohhecf the

ter mti;fl%faft%%gait\éa nrﬁtﬂg r ,Of at &%&%&%@%’V_ehjlgf amount of the

pol ymeri zation inhibitor" TIs ‘

undePStO8E tEaEaR t HEdREESE of 1ol yrededat Poring  to  the

Lohi bicler iweieh higmeededelacnreyenind henpr MBL& 1y high

polyqpr%%%rlon.of tEe.oIeflnlcaIIy unsat ur at ed nono-

mer s COPRCS T EFF&ET Ve AWBURtEb%St he pol yneri zati on i nhi

5 bitor is dependent upon the conditions under which

the 10| eficnical I ypsatur - rps. red_ar .

handlg%.'ngk exanple,%#%§%%glggggg§fléﬁ%?%??gtﬁgﬁo%?lng o

the “ifsatlFated rofGivsY 108 matkat ivaly i gh? ahunepof (m/m)

lige ﬂm@miey%feifaﬁbb%@t ifakabiit @Fond S{nrygg?e;d) owimtg_lgIth he/m} and
r i i enper res an e relative

hi gh o%%né%ﬁ%?ﬁfg%ﬁrdggﬁ%g%yigg%sﬂmfﬁptﬁg 33@ §P”¥h@V“” of

pol yeryrarigatiAni binlo¥oideoor dengetefetdiel ¥ nveniddonto  the

frome1@eipRBal MM uh8a d@-000; PRMVAMLD » o 15¢B0r E1e  monomer

oref bl T o 1,pem (7}, £, 1000 pom i F) afd

ase nically unsaturated moncmer.
20

The inventive monomer composition comprises a polymeri-

zation inhibitor which comprises

. from 0 to 100% by weight of a compound of the
formula (1)
25
Ri Ry
Y,
O==N’
- Y,
Re R M
and
* from 100 to 0% by weight of a compound of the

30 formula (2)



nost preferably from 10 ppm (mn) to 100 ppm (nm m of
pol yneri zation inhibitor is preferably added to the

ol efinically unsaturated nononmer or to the nononer

m xture, based on the olefinically unsaturated
monorér’.e302G 2The i nventi ve nonoher- conposition
conprises a polyneri- zation inhibitor which conprises
fromO to 100% by wei ght of a conmpound of the fornula
(1) 25 R R Yi O0O=NX- /YZ RB R4 (1) and from 100
to 0% by wei ght of a Bopnppend of the 30 fornula (2)
200630032 - 13 -XRi X H-N+ HOB Y 2 R3 R4 (2)
where: R1, R2, R3 and R#=dkkyl group having from1
to 4 5 carbon atoffsand Y1, Y2 = al kyl group having
from1l to 4 carbon agt'gms, or Y1 and Y2 together form

a ring system HO

10

15

20

25

30

Yo
R

where:

Ri, Ry, Ry and R, = alkyl group having from 1 to 4
carbon atoms and

Yy, Yy = alkyl group having from 1 to 4
carbon atoms, or Y, and Y,
together form a ring system,

X = inorganic or crganic anion,

where the substituents of the Ry, Ry, R;, R4, ¥, and )
type are the same or different, either the substituents
of the Y, and Y, type or the ring system based on the
substituents of the Y, and Y, type may be unsubstituted
or substituted, and the sum of the percentages by
weight of the compounds of the formula (1) and (2) adds
up to 100% by weight,

and comprises at least one olefinically unsaturated

monocmer .

The inventive monomer composition may comprise either
compounds of the formula (1) or of the formula {(2) as
polymerization inhibitors. The inventive monomer
composition preferably comprises both compounds of the
formula (1} and of the formula (2) as polymerization
inhikitors. In particular, the inventive wonomer
composition comprises a polymerization inhibitor which
comprises

) from 40 to 60% by weight of a compound of the

formula (1)

and



X = inorganic or organic anion, 10 where the
substituents of the Rl, R2, R3, R4, Y1 and Y2 type
are the sane or different, either the substituents of
the Y1 and Y2 type or the ring system based on the
substiteits%f "t he Y1 and Y2‘t§%e‘nay be
unsubstituted or substituted, and the sum of the

per cent ag b vei ght, of the ¢ ounds of the
formila ( rogﬁd%?zfoadaéo 0y t'8188% 6y wei GRFPoRRG of the

conpri ses fatrmidast(20ne ol efinically unsaturated
nmono in nmno co .
iz %QHEH%I C%8ﬂ$5é$%fqﬁ]t %e ?ﬁ%?%£%§§y2?¥%ﬁprlses a2

conprise either npounds he fo .
the RSYRUIGH (20188 1HEIPAERT Z8Ei R FAMPBIIDFS. The

i avent i ve Arenones teonpesi tiyonegraier abl ya CORRELSRS of the
bot h coanQQ%%l%f(ﬁge formula (1) and of the fornula
ion 2

(2) as polynerizat 5 inhibitors. In particular,
t he ﬁﬁvﬁntive nonomer conposition conprises a

pol yreri zatian bahidj t o which,. copprises, f tg
60% by mei%pt %f % gonpound&gf ?he formul a %%gbégdaﬁ) the
200630032 T2 {2dm 60 to 40% by wei ght of a

¢ompound of the formula (2). The nononer conposition

o L e LY. ST SRSl YT Ll e

CONPERTPCEFL tive . fidrems i s(thtvgmd s i oS5Vt cadB%Wbytype in

wei ghtheof campotmaund.of dihe rbormuba () 1ha (2) of the
polymerization inhibitor are substituted, the

15  substituent or these substituents of the substituents
of the Y; and Y, type being selected from alkyl, ester,
ether, hydroxyl, oxo, cyano, cyanohydrin, amino, amide,
carboxyl, halogen, hydantoin, ketal, acetal or urethane
group.

20
The two substituents of the ¥, and v, type of the
compounds of the formulae (1) and (2) o©f the
polymerization inhibitor together preferably form a
ring system. More preferably, the inventive monomer

25 composition comprises a polymerization inhibitor which
comprises
. from 0 to 100% by weight of a compound of the

formula (3)

Ry R
) &
o—N" £
R{ R,

)

30



In a particul ar enbodi rent of the inventive nononer

conposition, the substituents of the Y1 and Y2 type in

t he conpounds of the fornulae (1) and (2) of the

pol ynerization inhibitor are substituted, the 15

subst1 et r these substituent of the substituents

of the Y1 and Y2 type being selected from al kyl,

ester, ether, hydroxyl, oxo, cyano, cyanohydrin,

am no, am de, carboxyl, hal ogen, hydantoin, ketal,

acet adndr urethane group. 20 The two substituents of

the ¥1 an t f, the f- the fornmul ae

(1) and (%féﬁ ¥ﬁg Qﬁblgﬁeﬁﬁggyggﬂggn%be?ofo gﬁ%ﬁ%HOf the

pref er abl Yy FdMhea (471 ng system More preferably, the

i Aaventi ve nononer 25 conposition conprises a

pol yneri zation inhibitor which conprises fromO to

100% by wei ght of a conpound of the formula (3) R R2

X 0=0,- E R 4 ~X38) R0 200630032 - 15 - and from 100

to 0% by wei ght of a cogpound of the formula (4) 5 X-

RLR2Z HNE HO y

\N+

Ho”

R 4)

where:
R]_, Ra, R3 and Ra

alkyl group having from 1 to 4

10 carbon atoms,
E = alkyl, ester, ether, hydroxyl,
OXC, cyano, cyanohydrin,

amino, amide, carboxyl, halo-
gen, hydantoin, ketal, acetal
15 or urethane group and
X = inorganic or organic aniomn,
where the substituents of the R;, R, R; and Rs type are
the same or different. Most preferably, the inventive
menomer composition comprises compounds of the formula
20 {3) and/or (4} where Ry, Ry, R; and R, = methyl group as
polymerization inhibitor.

In particular, the inventive monomer composition has an
inorganic or an organic anion in the compounds of the
25 formulae (1) to (4); it preferably has inorganic
anions. The inventive moncmer composition more
preferably has, as the anion X  in the compounds of the
formulae (1) to (4), a halogen anion, preferably

chlorine or bromine anion.



R3 RQ (4) where: Rl, R2, R3 and R4 = al kyl group

having from1l to 4 10 carbon atons, E = al kyl, ester,

et her, hydroxyl, oxo, cyano, cyanohydrin, am no,

am de, carboxyl, halo- gen, hydantoin, ketal, acetal

15 or’GFePRdRe group and X = 1 rdrganic or organic

anion, where the substituents of the Rl, R2, R3 and

R4 type are the sanme or different. Most preferably,

the inventive nononer conposition conprises conmpounds

of tWbef oimutat 20e ( 3joramdsror chdponhet en Rprdf2raR3andas at

RA ‘1€§nglog%ou81§§1n98$yg§rHﬁﬁ%&%@at@%lbh%%% eLn gselected

particula e I nVentive fononmer conposition-has an
|norééﬁﬁcaé#iéﬁe@ﬁﬁaﬁﬁhf%ﬁﬁtﬁ—ﬁndﬂﬁéeéowﬁﬂ@@dgwof heheeither

25 f@ﬁﬁbtaeuﬁéﬁ tyr (dhsubbt prefarabhy has iGN Conprises

ani ons, The Tyentlve nononer ition nore

pr ef 8F3bI51HR& YagnﬁﬁEUSﬁFgﬁ §PH$E ?%es%gﬁﬂﬁﬂ%dgrﬂ? ethene,

t he ptgpﬁnEae Qﬂ) toopd)leng, hal ngeniiameon, phieferabkyetate,

Chlorh@@h@éc?&@ﬁbne Q@i@n ZQQQ%Q%%% %a%g Thgcry onitrile,
re erg-ly has } %

i nventive nonomer composition

one BFEPLALBal | yNURSRAY tfiregn onthééF@@FQEE froh$0prene
Bb k- Bienaglbenakka- dr3sei-enes. whi ch may be either 5
substituted or unsubstituted. It preferably conprises

ol efinically unsaturated nononers selected from

et hefibe ipropunie’cornpropsd enenpdet theneayviaplprise either

acet ahe, c Fﬁ?%ﬂ@k@Qﬂyqdféﬁ%ﬂﬂ%alﬁ?ehgké%BXEQEE monomers or a
|

acryl onit i n N-V|nylfornan1d
chl gP&ﬁFEﬁ@ OFs‘éb?é%e“t 19 i WA b en Zere tyr asegr Braomers .
15

The inventive monomer compositions preferably comprise
from 100 ppk {(m/m) to 10 000 ppm {(m/m), mocre preferably
from 1 ppm (m/m) to 1000 ppm (m/m) and most preferably
from 10 ppm (m/m} to 100 ppm (m/m) of polymerization
20 inhibitor, based on the ©o©lefinicaliy unsaturated

moncmer.,

The examples which follow are intended to illustrate
the use according to the invention in detail, without
25 any intention that the invention be restricted to these

embodiments.
Preparation of the polymerization inhibitors:

30 Example 1:

In Examplie 1, noc polymerization inhibitor was usged.

Example 2:

In Example 2, the polymerization inhibitor used was
35 commercially available 4-hydroxy-TEMPO from Degussa

without further workup.

Example 3:



The inventive nononmer conposition nmay conprise either

one conpound of olefinically unsaturated nononers or a

m xture of different olefinically unsaturated

nmononers. 15 The inventive nonomer conpositions

pref éP8BPYYé8nprise from 100 ppb(mm to 10 000 ppm
(mMm, nore preferably from1l ppn1(n1n) to 1000 ppm

(m and nn r ef er abl from10 ppm (mmnm to 100

ppm HiﬁfaHP EOSynEPFzBPﬁﬁﬁeEBZ?Eh?%l%%ﬁlbh%§%dm%% prRpared

0|efbylGa|byOU®SachabﬁdJjﬂDﬁ@ﬁEflbg&EngaﬁﬂkﬁﬁsW@tCﬁl in

foll aweare kntended,tod ldat nalie..Lhe Use aceording ...

to the 1Tnventionin 5 any in
t hat AReTPhvehcidn Hé r@éﬂﬁm ctSerd: t:o Grigese Comm. 1997 345-
exrbodugents. Preparation of the polynerlzatlon

inhibitors: 30 Exanple 1: In Exanple 1, no

pol ynmeri zation inhibitor was used. Exanple 2: In
Exawﬁham@leshe podlydreri zation inhibitor used was 35

co Ci aj, | eg 4 r - S,
comgEC LE?(ur b1y b 9{3& @MQ péxgﬁggg&%ggﬂz%ﬁ@&im were
Exarrﬁ’lrépgretihéypél Weﬁt wéﬁqhnmeudtecﬁcrmdprtypa\feé@ouh et

by aaprocess oMy chxpsroesstibedd Paheosafls ala ith 26 in
"Reaq% Reduc |on ofeﬁone Nltronge Free dicals Usin

Ascor bi CPACT em “85¢ A TCEHE AP LeGhm 1119 o 7oxgEion ium
5 346ﬁ1tExanﬁlebe4rande5aslQXEdanp$esn4ozgmhfb ¢henictry. A

pol y tion rs a ed b pr ur
mhlcggﬁgégescnIﬁgpéaéﬁkrbgﬁﬁﬁ)I%%%Bﬁ% Xn& PfSCedures

experPREAPAF1PA7t - oA Pagesd©ia) t0328L} nor GOlubev et al. in

15 "Some Reactions Of Free Iminoxyl Radicals With The
Participation Of The Unpaired Electron" {Izvestivya
Akademii Nauk SSSR, Seriya Xhimicheskaya, No. 11, 1965,
1927-1236) . The reactant used was the 4-hydroxy-TEMPO
from Degussa. It was demonstrated analytically that the

20 polymerization inhibitor of Example 5 was the mono-

bromide.

Example 6:
The polymerization inhibitor used in Example 6 was
25  prepared by dissclving Ig of 1,4-dihydroxy-
2,2,6,6-tetramethylpiperidine in 200 ml of degagsed
dichlorocethane and then passing HCl gas into the
golution at room temperature slowly for one hour. After
postreaction for one hour, the precipitated vellow
30 solid was filtered off, washed with tert-butyl methyl
ether and dried.

Examples 7 and 8:

The polymerization inhibitor used in Examples 7 and 8
35 was prepared by dissolving 0.05 mol of 4-hydroxy-TEMPO

from Degugssa in 200 g of dichlorcethane and then

introducing 0.1 mol of HCl gas intoc the solution slowly

with gentle cooling at room temperature for cne hour.



"Preparation of tetranethyl piperidine-I|-oxoanmoni um
salts and their use as oxidants in organic chem stry.
A review' (Oganic Preparations and Procedures
Internatlonal 2004, 36(1), 3-31) or CGolubev et al. in
15 " S0NE3R84¢t i ons OF Free | mindkyl Radicals Wth The
Participation O The Unpalred El ectron"” (lzvestiya

Akad Nauk SSR a Khi m chesk

1065 T Egn P Jers e A AL L fbed MHQbERELP] ated yellow
4- hy drodx ¢- WENP@llteawﬂDe@dssaashEdmmstﬁedmnﬁﬂbabadthane and
anal ytdical Iy that the 20 pol yneri zation inhibitor of
Exanple 5 was the nono- brom de. Exanple 6: The

pol yneri zation inhibitor used in Exanple 6 was 25

pt ep@rp@riyeditssohviing dtgbolidy oflitHdnObmer mixture:

2,2, tetra thyI i_p ine_|n 200 m, .of degassed
dlchﬁgggggﬁane and %t ? LDgsm E € gastTnto gﬂﬁka' purum,
sol uffosamat: . robn??e@%er@ﬂﬂr sbomﬁyeé@rcﬁheth@urtert—butyl—

Aften 2p9§'ﬁﬁf%§9¥3b%@e£@r =@RgiMouL, the aprre&i%éét}_ggessure of
yeIIOM/g% solid Itered off, wash

tert BulyF net h PttQPhéﬁﬂﬁﬁ§QHW%% oExdiplfesardarid Bitrogen
Ihe pdbmh5t|zaU1onthﬁ@ebmé@m usedskn EXampl es 7caBdn8meter,

L ed solvin O 05 nol of .
a h;%?nggyﬂ%%kpo Q%?Ejm%DeagnlﬁSS% Ay th stlrrer is purged
di chltbpseranE &ﬁ@htﬁ@ﬁrqg@er@u@ﬂ@@rOtbln@t&ﬁnkﬁm oxygen-

gas ifete thecsehetion oW ye1 it h giend | g4 @P@ééﬁ]ga@ﬁlosphere
roon1tegpgf§ture for tg%ahour 200630032 - Af t

one H&u 1B rEER | ?Tﬁ%?ﬁeﬁﬁ?ﬁﬁ%ﬁ%ﬂf%&ﬂ@%ﬁ@tlom The
$9| | dhwas-hekkefédsaf fig whahgddmmihhdpﬁéébﬁ@npth@meg of the

and dLiedic8 BRRpidRt s.ag ”{%estﬁ]g%{c&{g eno SR of

nononer m xture: Commer cli a y aval styrene
F ukgolbfﬁipglanzatlon inhibitor. order to start the

experiment, the three-neck flask is immersed into an
01l bath preheated to 110°C, in the course of which the
20 stabilized monomer compogition. present in the three-
neck flask 1s stirred. The amount and the type of the
polymerization inhibitor can be taken from Table 1.
After the immersion of the three-neck flask into the
heated oil bath, 2 g c¢f the monomer compogsition are
25 taken as a sample at regular intervals, weighed
accurately and introduced into 10 ml of methanol. After
30 minutes, the polystyrene precipitated from methanol
is removed by wmeans of a glass filter crucible, dried
at 110°C for 5 hours and weighed accurately. The amount
30 of polystyrene present in the sgample of the wmonomer
composition is plotted against the reaction time in a
diagram. As a comparative value between the examples,
the time at which the sample of the monomer composition
has attained a polymer content of 3% by weight
35 according to the measurement ig determined or inter-

polated if necessary for each polymerization inhibitor.



nmononer, ? 99.0% (GC)) is freed of the tert-butyl-

|, 2- hydroxybenzene stabilizer at a reduced pressure of
95 hPa, a bottomtenperature of 75C and a nitrogen 10
bl anket. A three-neck flask with a thernoneter,
condeh$er®%$ept um and a magneti€ stirrer is purged
thoroughly with nitrogen in order to obtain an oxygen-
freeTa%stghere in the flask. This nitrogen atnosphere
i s retarned over the entire experinental duration. The
15 three-neck flask is charged with precisely 300 g of

the EQ%&EE' ﬁQq%%%ﬁggﬁnﬁﬁd the &%%EL%Ula%o%E?jggmgf after

polynmerizatjoninhibitor. In order to s art
experi ment, | ¥HeiPEe- neck flagkfis i mrersed | mtidctan

the

oi I| bath preheated to 110C in |the forseief MLghd Ne rne
in the

20 |stabi li zed nononer conpositian Eresent in
thrlee- neck flask is stirred. Th&MafouHt and tHe"¥Yse

of {the polynerization inhibitor/icappbent/aken| E6@Bsition

Table 1. After the inmersion o¢f the three-necgaélask
into the heated oil bath, 2 g|of the nononer

attained

conpositionl are 25 taken as a sanple at regul p# polymer
i ntierval s, meighed accurately|and introduced| i8tQ. 10 of 3

m iof methanol. After 30 m nutes, the polystyrene .
preci pitated from methanol is|renoved by nmeapgY gfeight

glass filter crucible, dried at 110C for 5 hputs manthtes]

weiighed accurately. The anount |30 of polystyrepe

present— T he sampie of the nonomer——conposttion—i-s
pl dtfed agaj nst t reaction tifE% n a diagrph?As a
conpar ati vel val ue tween the exanples, the tine at
whiich the sfanpl e t he nmononer conposition has
attiai ned a pol tent of 3% by weight 35
according tjo t surenent i$ determned or{inter-
poliated if necessqu for each pol ynerization
i nhiLhi t or 00630032 -_.19 - Table 1:

3 OH 166 90

5

OH

4 OH 100 145

C==Z®

c

*)

5 100 210

0=Z®

Br




Exanpl e Pol yneri zation Active anount Tinme after

i nhi bitor of which the polynerization sanple of the

i nhi bitor rmononer [in ppm (mMn)] conposition had
attained a polyner content of 3% by weight [in

m nuEé§p309380 2 100 120 OH1i 2 - 3 OH 100 90 AN H
4 OH 100 145 OGS 5 OH 100 210 ON 0O Br6 200630032

- 206 OH 100 ) 255 CreH"NTOH 7 OH 50 eagh (166
210 50H in fotal) Ggr) C C (r)HNH 255
®
N
e N
CImH OH
7 OH 50 each {100 | 210
OH in total) ™
®
g‘ ®
c® CIeH"OH
8 OH 50 each (100 | 205
OH in total} ™
®
€
c® C[@H"OH

10

' In the calculation of the amount of polymerization

inhibitors, only the molecular weight of the cation and
not of the anion was taken into account for the ionic
compounds .

") In  Example 8, in contrast to Example 7, the
molecular weight of the anion was alsc taken into

account.

Examples 4-8 are inventive examplesg.




8 OH 50 each (100 205 OHin total) ~ O NO OC
CPHNCH I n the cal cul ati on of the anount of

pol ynmeri zation inhibitors, only the nol ecul ar wei ght
of the cation and not of the anion was taken into
accodMO @0 3€he ionic 5 conpolwtids. **) In Exanple 8,
in contrast to Exanple 7, the nolecular weight of the
anion was al so taken into account. 10 Exanples 4-8
are inventive exanpl es. 20068883®=: 21 - Cains: 1.
The use of a polynerization inhibitor for stabi |izing
ol ef i.ni cal unsat ur at ed noners, . 5 characterized in .
t hat ‘the glo)éyrlr‘lesrel zati 6n chilﬁnﬁirtlozﬁtégr?pﬁrghé%lfglpgm f gStabi-
100% by weiighncoblaiéompalid wisatheratfal mdreret)s R YJ

05N X- ~yZhR3aRdeblyeglPnang:s from 100 to 0% by wei ght

of a corrpo%nd of the, formula (2). ‘
the polymerization inhibitor comprises

from 0 to 100% by weight of a compound of the

formula (1)

Ri. Ry
>LY1
O:N+
X- Y,
R
Ry T &
10
and
from 100 to 0% by weight of a compound of the
formula (2)
15
R1 RZ
Yy
H\\ /
N
HO//
Yz
where:
Ri, Rz, Rz and Ry = alkyl group having from 1
20 to 4 carbon atoms and

Y., ¥a = alkyl group having from 1

to 4 carbon atcoms, or ¥,



15 R11 Y H'~-N+/ HO_ \ Yz /J R3 R4 (2) where:

Rl, R2, R3 and RA = al kyl group having from1l 20 to 4
carbon atons and Yl, Y2 = al kyl group having from1

to 4 carbon atons, or Y1 200630032 - 22 and Y2

t ogetheF3 0t a ring system- %2 = inorganic or

organic anion, 5 where the substituents of the R1,

R2, R3, R4, Y1 and Y2 type are the sane or different,
either the substituents of the YA'@ndY22 4Qdsdteyr t Heorm a
ring system based on the substi tdemyssyedr-ddie Y1 and

Y2 type pmy be unsubstituted or substituted, and thoerganic

10 sum of 't he percent ages by wei gﬁ%?rogl{arphce corr%rounds
of the formula (1) and (2) adds up'1@1.100% by weight,

or nononer. m xture whic ri ses at | east one

co . .
ol ef i ni cafty “tR&at 3t at ed*roR6REr .C2. HhéSt§8 accht bRy the
to cl ai m dubsttharacdter oZedchan thatand Y, type or the ring

system based on the substituents of the Y; and Y,

type may be unsubstituted or substituted, and the
10 sum of the percentages by weight of the compounds

of the formula (1) and (2} adds up to 100% by

welght,

and is mixed with an olefinically unsaturated

monomer or meonomer mixture which comprises at

15 least one olefinically unsaturated monomer.

2. The use according to claim 1,
characterized in that
the substituents of the ¥; and Y, type are substi-
20 tuted, the substituent or these szubstituents of
the substituents of the Y; and Y, type being
selected from alkyl, ester, ether, hydroxyl, oxo,
cyano, cyanohydrin, amino, amide, carboxyl, halo-
gen, hydantoin, ketal, acetal or urethane group.
25
3, The uge according to either of claims 1 and 2,
characterized in that
at least one olefinically unsaturated monomer
selected from ethene, propene or  propylene,
30 butadiene, vinyl acetate, {meth)acrylic acid,
{meth)acrylate, acrylonitrile, acrolein, N-vinyl-
formamide, c<¢hloroprene, isoprene, divinylbenzene

or styrene isg used.

35 4. The use according to at least one of claims 1 to
3,

characterized in that



the substituents of the Y1 and Y2 type are substi- 20
tuted, the substituent or these substituents of the
substituents of the Y1 and Y2 type being selected
fromal kyl, ester, ether, hydroxyl, oxo, cyano,
cyan8ﬂ98¥pﬁ?2anino, anmi de, carboxyl, hal o- gen,

hydant oi n, ketal, acetal or urethane group. 25 3. The

use accor?in to either of clains 1 and 2,

charact er P28 i % P at ™ BhstCon’ dl & i APRal(mym) of poly-
unsat ur at edripaonen iskiected f¢omietdhene, tips opeReOF or to
propyl ene.r, 30, bulad eng. iyl AceLal &, (MRLN BeLylLceay;
aci d, (netﬁ)acrylate, acryloni'triTe; acrol €in, b4
N-vi nyl - PBPABATdBSACRPBPEPF ene, | soprene,

& vi nyl benzene or styrene is used. 35 4. The use

according_to at |east one of clai 1to 3, ,
char%éter?ggduﬁﬁ Eﬁﬁ?”%gﬁ%%dﬁézaEngéaSFrBHF166 gpppims 1 to
(mMm to 40 000 ppm (mM m of poly- nerization

i nhi bi torjg-added;t9:the ywononer or to the nononer
m xture, based on the ol efinicall unsat ur at ed

nonomer. 5%Y8M The R¥e &8¢V di A t 0% |mast @vieof of poly-
o ai s 1 meridacecharaghepized 19 ddwdd fEomde prodfEMor to

to 1000 p (n of pol.y- 10 merization inhibitor is,
added to gﬁé H%%%ﬂ%?ropu%guthe Roro f”hi%gﬁre??%gﬁﬁﬂcally
on the ol eftfarcaktgd wosater at ed nononer. 6. The use
according to at |east one of clainms 1 to

6. The use according to at least one of c¢laims 1 to
15 5,
characterized in that
a polymerization inhibitor is used which comprises

from 0 to 100% by weight of a compound of the
formula (3)

20
Ry Ro
X.
o—N" E
R{ R,

&)

and

from 100 to 0% by weight of a compound of the
25 formula {4)



15 5, characterized in that a pol ynmerization inhibitor
is used which conprises fromO to 100% by wei ght of a
compound of the formula (3) 20RR R2 X ONE R3 R4
(3) and from 100 to 0% by wei ght of a compound of the
25 feéPREPECE4) 200630032 - 24 24X- R R2 H HOR3 R4
(4) where: RlL, R2, R3 and R4 = al kyl group havi ng
froml 5 to 4 carbon atons and E = al kyl, ester,

et her, hydroxyl, oxo, cyano, cyanohydrin, am no,

am de, carboxyl x- halfFagen!z hydan 10 toin, ketal,

acetal or urethane gr and X- = inorganic or
organi c anion, wjere ubstituents of the Rl, R2,
R3 and R4 type 15 are the sake or different. 7. A
nononer conposit“ggy/ E

)
where:
Ri, Ry, R: and Ry = alkyl group having from 1
5 to 4 carbon atoms and
) = alkyl, agter, ether,
hydroxyl, 0X0, cyano,
cyanohydrin, aminc, amide,
carboxyl, halogen, hydan-
10 toin, ketal, acetal
urethane group and
X" = inorganic or organic

anion,

where the substituents of the Ry, R;, R: and R, type

15 are the same or different.

7. A monomer composition,

characterized in that

the monomer composition comprises a polymerization

20 inhibitor which comprises

from 0 to 100% by weight of a compound of the

formula (1)



characterized in that the

conprises a polynerization
conprises fromO to 100% b
the fornmula (1) 200630032

nonomer conposition
20 inhibitor which

y wei ght of a conpound of
25 - RL RYJ O=N X-

Ra (2f°%4AE3From 100 to 0% by W& ght of a conpound of

-Yz R3

the 5 formula (2) R X YJ H-N+ HOB \\-y2 R3 R4 (2)
where: 10 R1, R2, R3 and R4 = al kyl group having from
1 to 4 carbon atons an%hYl Y2 = al kyl group having
froml to 4 carbon ato £ Y1 and Y2 together form
a 15 ring system X- = ingr i C or organic anion,
where the substituents of fhe Rl, R2, R3, R4, Y1 and

Y2 type are the samepr_gdffferent,
substituents of the Y1 an

either the 20
Y2 type or the ring

X- Y,

Re T M

and

from 100 to 0% by weight of a compound of the

5 formula (2)
Ry Ro
X-
Yy
H\\N+
Ho” >Y—Y2
R{ R @)
where :
10 Ri, Rz, Rz and Ry = alkyl group having from 1
to 4 carbon atomg and
Y., Y, = alkyl group having from 1
to 4 carbon atoms, or ¥,
and Y, together form a
15 ring gystem,
X = inorganic or organic
anion,
where the substituents of the Ry, Ry, Rs, Ry, ¥, and
Y, type are the sgame or different, either the
20 substituents of the ¥, and Y, type or the ring

system based on the substituents of the Y, and Y,
type may be unsubstituted or substituted, and the

sum of the percentages by weight of the compounds



system based on the substituents of the Y1 and Y2

type nmay be unsubstituted or substituted, and the sum
of the percentages by wei ght of the conpounds
200630032 - 26 of the formula (1) and (2) adds up to
100925y € >RéiPght , and conprises %# 1 east one
olefinically wunsaturated nononer.

cf the formula (1) and (2) adds up to 100% by
welght,

and comprises at least one olefinically

unsaturated monomer.



