200630032 - 1 Polynerization inhibitor for
stabilizing olefinically unsaturated nononmers The
invention relates to the use of a polynerization 5

i nhibitor for stabilizing olefinically unsaturated
monoRePE308Ad to a nononer conpbsition which conprises
both olefinically unsaturated nononers and this
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as early as during the preparation and/or purification
20 process. Some of these olefinically unsaturated
monomers, for example butadiene, tend to polymerize
spontanecusly even in the course of storage or in the

course of transport.

25 This premature and undesired polymerization of these
olefinically unsaturated monomers leads firstly to a
reduction in the amount of usable olefinically unsatu-
rated monomers, and secondly to undesired deposition of
undesired peclymer. This depeosition 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
olefinically unsaturated monomers as early as in the



Consequently, additives are generally added to t he
ol efinically unsaturated nononers as early as in the
200630032 - 2 preparation process, which are referred

to ei pol ymeri zation inhibitors or as
polyﬁépgggﬁﬁan retardants, whith are capabl e either
of preventing the undesired polynerization process or
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20 protection for use in industrial scale processes.

qiyther as

Polymerization inhibitors frequently described in the
literature are so-called stable free nitroxyl radicals,
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,
especially of 2,2,6,6-tetramethyl-4-hydroxypiperidine
N-oxyl, tom acrylonitrile before the distillation. These
stable free &radicals are also described in US
30 3,488,338, except as chain terminators for 2-chloro-
1,3-butadiene. US 4,670,131 describes the use of these
stable free nitroxyl radicals as a polymerization
inhibitor for stabilizing olefinically unsaturated
monomexs, for example ethene, propene, butene or
35 butadiene.

The use of stable free nitroxyl radicals is described,

inter alia, by the following 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%itroxyl radicals is
descr?®®&BO003hter alia, by the fdlFow ng publ i cat i ons
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Wit hs nﬁF%VEGI%@PFéﬁnOVéP-Hmétor Further examples of a

composition for the stabilization of olefinically
unsaturated wmonomers which have stable free nitroxyl
radicals are described for example, by US 2003/080318,
20 WO 2002/094884, WO 2002/033026, WO 2002/008161, EP 1 077

. 206 and DE 199 56 5009.

It is therefore an object of the present invention to
provide a polymerization inhibitor for olefinically
25 unsaturated monomers with improved action over the
prior art. In particular, a polymerization inhibitor
shall 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 some
time, but it has not been recognized that these
compounds can be used as polymerization inhibitors. It
was also surprising that these compounds which do not



prior art. In particular, a polynerization inhibitor
shall be provided which has inproved properties in the
stabilization of olefinically unsaturated nononers
with to premature polynerization during the
prep§r§%§§§% ion and purlflcatlén process or during
storage. It has been found that, surpr|S|neg
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and
25 e from 100 to 0% by weight of a compound of the
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20 formula (1) R R 0=N X- Y2 RB R4 (1) and 25
from 100 to 0% by wei ght of a conpound of the fornula
(2) 0 200630032 - 5 - R RZ X- \/Xy YI H N+ HO"

VY2 R30f8%3
having fromI to 4 5 carbon ato

5 Where: R1, RZ, R_:_%ngng R4 al kyl group
and Y11 Y2 = al kyl

group having from1l to 4 carbon atons,. or Y1 and Y2
together forma ring system X = inorganic or organic
anion, 10 where the substituents of the Rl, R2, R3,
R4, Y1 and Y2 type ar®ithg'sane or different, either
the substituents Xef the\YL and Y2 type or the ring
system based on the subs}itu¥énts of the Y1 and Y2
type may be unsubstﬂiu{e or substituted, and the sum
of the percentages by 1IN weight of the conmpounds of
the formula (1) andd®2) adds up to 100% by wei ght,

and being mxed with an ¥d cal | y unsaturat ed
where:
Ri, Rz, R; and R, = alkyl group having from 1 to 4
5 carbon atoms and
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Y5, Y, = alkyl group having from 1 to 4
carbon atoms, or Y¥Y; and Y2
together form a ring system,

X = inorganic or organic anion,

where the substituents of the R;, R,, R3, R4, Y¥; and Y,

type are the same or different, either the substituents

of the ¥, 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 monomer composition,

the monomer composition comprising a polymerization

inhibitor which comprises '

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

. from 60 to 40% by weight of a compound of the
formula (2),

and comprising at least one olefinically unsaturated

monomer, selected from alke-l-enes or alka-1, 3-dienes

which may be either substituted or unsubstituted.



nonomer or nononer m xture which conprises at | east
ol efinically.unsaturated nononer. 20 The
invention further provides a nononer conposition, the
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conprises fromO to 100% by
5 formula (1) RL YJ O0=NX- ITY2 R3 R4 \1) and
10 from 100 to O@bby wei ght of a compound of the
formula (2) RL X H~ NRy HGQZ\ Y
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where:

Ri, Rz, Rz and R4 =

Yll YZ ) =

alkyl group having from 1 to 4
carbon atoms and

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

inorganic or organic anion,



R3 R4 (2) 15 where: Rl, R2, R3 and R4 = al kyl group

having from1l to 4 carbon atons and Y1, Y2 = al kyl

group having from1l1l to 4 carbon atons, or Y1l and Y2

20 t r..borma ring system _X = inorganic or
orga%%?%gﬁpg%, 200630032 - 7 ere the substituents

of the Rl, R2, R3, R4, Y1 and Y2 type are the sane or
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the formula (2). In particu- lar, a polynerization .
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wei ghtt di*% EBRPRLHYES ofiSENePT 26 hesEMRU BT igeF 101 r sRhibi-
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Part EB%&ia pr(§f) erm%@zc ebé Sugé&?n Hto%e%}glrflg p?:eférence is given
15 in the inventive use to using a composition as the
polymerization inhibitor which comprises both compounds
of the formula (1) and of the formula (2). In particu-

lar, a polymerization inhibitor is used which comprises

o 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

formula (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
L 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 Merbouh 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



2S pol ymerization inhibitor which conprises from 45
to 55% by wei ght of a conpound of the fornmula (1) and
fron155 to 45% by wei ght of a conpound of the 30

formy gszThe pol ymeri zation_ inhibitors used in the
8

use accor 'Ng to the invention®can be prepared in a

process as described by Merbouh et al. in
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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, cyano-
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 a
ring system. In the use according to the invention,
particular preference is given to using a polymeriza-
35 tion inhibitor which comprises
. from 0 to 100% by weight of a compound of the
formula (3)



they are prepared in situ. In a particul ar enbodi nent
of the use according to the invention, the
substituents of the Y1 and Y2 type are 25

substituted, the substituent or these substituents of
the st344nts of the Y1 and ¥2 type being sel ect ed
fromal kyl, ester, ether, hydroxyl, oxo, cyan o,

cyano- hydrin, am no, am de, carboxyl, hal ogen,
hydantoi n, ketal, acet al Qr ur et hane group. 30 The
two substituents of thé YZ and Y2 type of the

pol ymeri zation inkLbitor et her preferably forma
ring system In the use/accofNding to the invention,
particul ar preferegee=N5 give Eusi ng a pol yneri za-
35 tion inhibitor which\conmprises fromO to 100% by
wei ght of a conpound of formula (3) 200630032 - 9
- R R X O=O-E R3 ( and from 100 to 0% by

wei ght of a conpound B8 t 5 formula (4) X-(§> R2 H
N+ E HOB R3 R4 (4) where; 10 Rl, R2, R3 and R4

al kyl group having from1l to 4 carbon atons,

and
. from 100 to 0% by weight of a compound of the
5 formula (4)
X- Ri Rg
H
S )
HO
e R @)

where:

10 R;, Ry, Rs and Ry = alkyl group having from 1 to 4
carbon atoms,

E = alkyl, ester, ether, hydroxyl,
oxXo, 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, Rz, 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 Ri, Ry, R; and R, =
methyl group.



E = alkyl, ester, ether, hydroxyl, oxo, cyano,
cyanohydrin, am no, am de, carboxyl, 15 hal ogen,
hydant oi n, ketal, acetal or urethane group and X =

i norganic or organic anion, where the substituents of
the Rl, R2, R3 and R4 type are the sanme or different.
In theoyggagepording to the 2Q pgvention, very
particul ar preference is given to using a

pol yneri zation inhibitor which conprises conpounds of
the formula (3) and/or (4) where R1, R2, R3 and R4 =
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capabl e of preventing pol ynerization of the olefini 1%

tally uns urate no far_ a.certain perlod
perlodyungﬁﬁ péﬁlné?lzngl§%u5%c ?@?nﬁ%ophe'acéDéygfréﬁatlon
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po ynerlz tio
period unt11 polymerization occurs in the case of an

olefinically unsaturated monomer without a polymeriza-

tion inhibitoxr is therefore shorter than the perxiod 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 double bond and
25 are capable of entering into a polymerization reaction.

In the use of the polymerization inhibitor accoxding to
the invention, preference is given to using &t least
one olefinically unsaturated monomer selected from

30 alk-l-enes ox alka-1,3-dienes which may be either
unsubstituted or substituted. Preference is given to
using olefinically unsaturated monomers selected from
ethene, propene, butadiene, wvinyl acetate, (meth)acrylic
acid, (meth) acrylate, acrylonitrile, acrolein,

35 N-vinylformamide, chloroprene, isoprene, divinylbenzene
or styrene. |



Moreover, in the context of this invention, clefini-
cally unsaturated nononers are understood to nean
conmpounds whi ch have at | east one C-.C double bond and
25 are capable of entering into a polynerization
react’88399PR the use of the potyrerization inhibitor
accordlng to the invention, preference is givento
usin | east % oI féﬁlca unsaturag ed nmonone

P

sel e 1?‘? ofm° §6e flnlgéoln 13- e GhY che  acid
may beaesthepthuneqbslntut&mhiw aubstietitaedtylic acid, and

Prefq&eaﬁeabeygaxen h@anHS'EKkﬁ”Egd Gl '£,%% tue%hedmeth

nmononers_sel ected from ethene, propene,
vi nyPCE¥at St €SEREEN) TaEPS Pdetapiga %ﬁepﬁfaaérypaﬂemonomers

asrybeangr slidstacnokei 8r Ihshivstityddor mam de,

chl or oprene, isoprene, divinylbeuzene or styrene.
200630032 - 11 In the context of this invention,

(et B &dweyluige agtdordeamsthotheadmylent iagi,d iandis possible
et haer YideC SGivhr attk EORLONRET ¥ aB@eﬁ?ﬁQ%apﬁfhunsaturated

acrylic esters and neth- acrylic esters

oIe¥WﬁP8§FF§ urfat uf at Bad*RBRBmecE Eﬁ%ﬁf?ﬁﬁ%%bs?ﬂ?éﬂéacally
00 unasbstirated&dmohtméhe. use according to the

invention, it is possible to use either one conpound

of oIeflnlcaIIy unsaturated nononers or a m xture of

di f f érefbeolusfs rAeendingl Caung utrirent ywnonehs. pbhymeriza-

the ugenaceahdbRgol9 tasylnuenta@aedtheODOanerbiéflnlcally
tion inhibitor added to the ol efinical

unsaPH?SFeaaﬁﬁaon‘Eg%O% &% &5 8, %‘Eﬁiﬁh or?@r“a"é’ra Py as a
‘Buspenspemsidm. t bhstbasecache pbhkynmelivretiiaAtion inhibitors

i nhi *ﬁéi/oré gaybgl Sgdggd adt‘,jc?d fip hoe_l.egé Q{lc@l‘igl ! %Insaturated

unsat o at 64> nORONET & during a proces
pr epBPRPTRS oAUTpHE 4 CREPSFSDIr 0EeEs exampile preparatlon or

advaphagenttss i o d}ﬁf@:éb%ﬂ oft idhesevitlag@®idzatiPNhe use of
Inhl?htors ac ymerlgaklon elnhlbltors according to the
20 lnventlonq to ensure a suitable solvent 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
ungaturated wmonomers or monomer mixtures by common
prior art methods. Advantageously, in the use according
tc the invention, 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 polymerization inhibitors may also be

- added to the olefinically unsaturated monomers in

35 storage tanks.

In the context of this invention, the term %"effective
amount of the inventive polymerization inhibitoxr" is



20 invention, to ensure a suitable solvent or
di spersant which is conpatible firstly with the clef
inically unsaturated nononmer and @l so with these
poly ¢?§ g@% i nhibitors, and that there can be no
undesire ions. 25 These polymerization
|nh|b|tors can be added to the unsaturated nnnoners
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Inhibitors

' ti ._th {
added ot 8 L RACET LV HEAT AR THGRSE riRoRbPESrn OTpehandled.
st or afert apksmple,t hércorthext cafset hicf | Rdettiildmtide of the

term f th 4
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iarghi bké@étMéEﬁ lfS.L edestpb@aplie¥antandie theMBEVEively high
pol yneri zat cally unsaturated nono-

ole N
ner s. “THFs™ é 75%??v8 aﬁﬂﬁﬁfl%%e?he pol ymeri zat i on i nhi

5 bitor is dependent upon the conditions under which

th | t
hana 2 °the 68y 2R WothRE-TOA0TB, LhRELILES Hecording to

the SatlyaRetoRondiem 190 &pk | (o) HEghlanBAAt PER (m/m),
tbe tmmiqnpfeﬁéfabbylﬁhbhltO@pms @@@ﬂeduﬂwn@@oththm/m) and

10 r \% erper atures an rel

hi ghqh%%%cék¥r g§%§ p? L¢§t|é§ QPZthgouggi I%ﬁe(m/m) of
pol yreed ey igat ion bllmhllu@@@fr diimg Poefeheblyivemtdeﬂ] to the
from i kL1 drskQnALPPRIHIMEr or to the monomer

mixture, based on the olefinically unsaturated monomer.

20
The inventive monomer composition comprises a polymeri-
zation inhibitor which comprises
. from; 40 to 60 % by weight of a compound of the
forrm;la,(l) '
25
Ry R,
Y4
O==N
X- Yy
Ry R 0,
and
. from 60 to40% by weight of a compound of the

30 formula (2)



15 nore preferably from1l ppm (mn) to 1000 ppm (m m
and nost preferably from 10 ppm(mnm to 100 ppm (m m
of polynerization inhibitor is preferably added to
the olefinically unsaturated nononer or to the
monomer mixture, based on the ol &inically

unsat u2dtedceshoner. 20 The i-nd&nti ve nononer
conmposition conprises a polymeri- zation inhibitor

whi ch conprises from 40 to 60 % by weight of a
conpound of the formula (1) 25 R YJ X- / Y2 3/ "R4
(i) and from 60 to40p byawei ght of a conpound of the
30 formula (2) 0 X20063 2- 13- R XYJ N4 HOBY
V2 R3 R4 (2) vvherﬁ: R1 Y1 R3 and R4 = al kyl group

having from1l to 4 rbon atonms and Y1, Y2 = al kyl
group having from lliot/ef carbon atons, or Y1 and Y2
Yo
R
R3 4 (2)
where:
Ri, Rz, Rz and Rg = alkyl group having from 1 to 4
5 carbon atows and
Y., ¥y = alkyl group having from 1 to 4

carbon atowms, or ¥, and Y,
together form a ring system,
X" = inorganic or organic anion,

10 where the substituents of the Ry, Ry, Rs, Ry, ¥y and Y,
type are the same or different, either the 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

15 weight of the compounds of the formula (1) and (2) adds
up to'100% by weight,
and comprises at least one olefinically unsaturated
monomer, selected from alke-~l-enes or alka-1, 3-dienes
which may be either substituted or unsubstituted.

20 The inventive monomer composition way comprise either
compounds of the formula (1) or of the formula (2) as
polymerization inhibitors. The ipventive monomer
composition preferably comprises both compounds of the
formula (1) and of the formula (2} as polymerization

25 inhibitors. The inventive wmonomer composition
comprises a polymerization inhibitor  which
comprises
¢ from 40 to 60% by weight of a compound of the

formula (1)

30 and



together forma ring system X = inorganic or organic
ani on, 10 where the substituents of the Rl, R2, RS,

R4, Y1 and Y2 type are the sane or different, either

t he stituents of the Y1 and Y2 type or the ring
syst §56§§8330n the substituents of the Y1 and Y2
type may be unsubstituted or substituted, and the sum

of the per.cent s. b » Wei ght _ of, .t he_conmpounds of
t he ornulfggfnlfapingo)(lz ‘é\él\%g VE-9Y 1669 Dy CRBPgRPS of the
and conpr Esggude (@ast one ol efinically unsaturated

nonomge, &&hested dd ltki@ml- pues Opr 51y 3+ ngﬁ%

whi ch be eitherﬁgﬁiiﬁﬁLned_or 8%5%%%??%%¥eégi 0 Bes a
The Pﬁgg'ﬁ‘ﬁﬁéaﬁﬁﬂanéflhélah’b%‘éi‘t’l?b?# ey RotifiS se eit her
conpeunds febmt hes f abmd s ( by oveigfhtt heff ar mubapbdhdasof the
polynerizggggﬂl'nQEgitors. The i nventive nononer
conposition preferably conprises both conpounds of the
formahd (1) and of the fornula (2) as pol ymerization

25 i mhi bi @b SHetbnNVal | 4o NRIYES 60MOSkLIBBund of the

conprises_a po {zation 1 nhibitor which conprises
from 40 tsogg@é%g?éérght of a conpound of the fornula
1d) 30 and 200630032 - 14 from 60 to 40% by wei ght

of aIﬁQWPOEQQtQEUHQE' Eg%?@qﬁéﬁg)chh€hQDW9KE&mive monomexr

conposi tiofn nore prefer y conprises a
pol yREFMP2ELF&ARI nkbEi o siitesnEsmeh ddie 5Ya farmh 45 tvpe in
55% byewetghibo@hida compewed ebribeaef oyl a{d) @Nd of the
fron%é?y&@r%%%%?XnMEiqghﬁ%&t%rponpgggd Cﬁsdgg%ituted, the
15 substituent or these substituents of the substituents
of the Y; and Y, type being selected from alkyl, ester,
ether, hydroxyl, oxo, cyano, cyanchydrin, amino, amide,
carboxyl, halogen, hydantoin, ketal, acetal or urethane
group.
20
The two substituents of the Y; and Y, type of the
compounds of the formulae (1) and (2) of 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
X-
—N" E
R4 R4 (3)

30



formula (2). 10 In a particul ar enbodi nent of the

i nventive nononer conposition, the substituents of
the Y1 and Y2 type in the conmpounds of the formul ae
(1) f the polynerizatjon inhibitor are
subs?ﬁ%@%é@?gthe 15 substituentldr these substituents
of the substituents of the Y1 and Y2 type being
selected fromal kyl, ester, ether, hydroxyl, oxo,
cyano, cyanohydrin, am no, am de, carboxyl, hal ogen,
hyda®ngi n, ketal, acetal or urethane group. 20 The
two subst istdantso®f tbhepeYl d pgsof. t

compounds _of tTe f ormul ae %?? 5% l?%)%gfe%hgsmpound of the
pol yrer i zAPFBHIAnhibi t or together preferably form a
réng system More preferably, the inventive nononmer 25
conposition conprises a polynerization inhibitor which
conprises fromO to _100% by wei ght of a conpound of
the fornula (3)XR Ry xReN+ ER3 R4 (3) 30
200630032 - 15 - and fY®m 100 to 0% by wei ght of a

conmpound of the fiprnul 5 X R R H
D% E
HO//
s R @)

where:

Ry, Ry, Rz and Ry = alkyl group having from 1 to 4
10 carbon atows,

E = alkyl, ester, ether, hydroxyl,

oxXo, cyano, cyanochydrin,

amino, amide, carboxyl, halo-
gen, hydantoin, ketal, acetal
15 or urethane group and
X = inorganic or organic anion,
where the substituents of the R;, R;, R; and R, type are
the same or different. Most preferably, the inventive
- monomer composition comprises compounds of the formula
20 (3) and/or (4) where R;, R,, 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 monomer 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.



INt E HOR3 Ra (4) where: Rl, R2, R3 and R4 = al kyl
group having from1l to 4 10 carbon atons, E = al kyl,

ester, ether, hydroxyl, oxo, cyano, cyanohydrin,
am no, am de, carboxyl, hal o- gen, hydantoin, ketal,
acetal " 15 or urethane group ande X = inorganic or

or gani¥00$3i06A2 where the substlibtuents of the Rl, R2,

R3 and R4 type are the sane or different. Most

preferably, the inventive nononer conposition

conpri ses conpounds of the fornmula 20 (3) and/or (4)

wher e TRE, ReverR3vandngdomermetdnhosgtoop asreferably has at

pol y merdagat | &melt _rHl'ekah%au'{‘_ RAELE SR hBSorhdl SRLh YEteq

nono conposition has i,ngrgani c or .ap organic |
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"in npo 0 e _formul ae 0 a ..
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0 200639032 (metd) aghd dtey eactylommober aowpesnt i on

pr ef ernabﬂiy?/hlaérr@etmid@?aéﬂl rhel I1gakhY, l&%ég#)iﬁér%ne
nmggoner. se gg&;d from al k-1-enes or "al ka-1, 3-di enes

whi ch Tay be¥either 5 substituted or unsubstituted. It
preferably conprises olefinically unsaturated

nmononghe delenttde f mondmiheR@yposht OPENRay Dubagt €68, either

Vinyloﬁ@eE@&ﬁbuﬂdn%fnéﬁﬂfﬁhkgally unsaturated monomers or a

mixture of different olefinically unsaturated monomers.

15
The inventive monomer compositions preferably comprise
from 100 ppb {(m/m) to 10 000 ppm {(m/m), more 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 polywmerization
20 inhibitor, based on the olefinically unsaturated

monomer.

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
enbodiments.

Preparation of the polymerization inhibitors:

30 Example 1:
In Example 1, no polymerization inhibitor was used.

Example 2:

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

without further workup.

Example 3:



acid, (neth)acrylate, acrylonitrile, acrolein,

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

divinylbenzene 10 or styrene. The inventive nononer
onposition _nmay conprise either. _ one conpound of

oIefPHPééPP?zunsaturated nononer’s or a mxture of

different olefinically unsaturated nononers. 15 The

t f
orti0BGRR T8y 8 I ERLERY i P F repaeo
pr ef byald yprécess 1 whpmh( nisr) deectodd ppmn (Rglgosandt al. in
nost «pEgher @thctaaﬁmoﬂfo RRB (ﬂe@ogﬂel%ébon&malﬁofmmg

pol ynmeri zation 2Q inhibitor, based on the ol efinical
unsafeFREBAC ASmENerld - THESTam%es WHISTh I Bw ak$97, 345-
intendegd.to illustrate the use according to the

invention in detail, without 25 any intention that

the invention be restricted to these enbodi nents.
Pr ep&rampédasoft ahe %olynerization inhibitors: 30

Exam@heE;{a Egegxanah_s ) BﬁepebY%éH@étt%hlﬂﬂhPMt%rs were

was used ; Ie 2, the ymerizati_on
i nhi BFEBRTH gym&spﬁa§%a§ hmﬁﬁ/éﬁﬁﬂ4¥%ﬂ y Merbouh et

Y6 hydioxyidTENPE f eepebegeassal wardwubnf usddees or kidp. 26 in

Exanpbgeg {gggggoosgf 1%et&%ﬂé%%ggggp§glabﬁe ~oxoammonium

pol yner| ron 1 nhibi'tor was prep r ocess
whi ckail§sdasér thedrbysPapeosxedants im or$@@ﬁ§ chemistry. A

Redueti,eayef Soﬂﬁrﬁﬁﬁié”“(k?f%ﬁﬂiaeagh%a|s éﬁﬂng Procedures
Ascorbkc Aci d éf §ﬁ§4 §%?1) Chega mm, 1 97, %45- .
5 34%P eEQQHb?% olubev et al. in
15 "Some Reactions Of Free Imlnoxyl Radicals With The
Participation Of The Unpaired Electron" (Izvestiva
Akademii Nauk SSSR, Seriya Khimicheskaya, No. 11, 1965,
1927-1936) . 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 wused in Example 6 was
25 prepared by dissolving 1g of 1,4-dihydroxy-

2,2,6,6-tetramethylpiperidine in 200 ml of degassed

dichloroethane and then passing HCl1 gas into the

solution at room temperature slowly for one hour. After

postreaction for one hour, the precipitated vellow
30 sgsolid was filtered off, washed with text-butyl methyl

ether and dried.

Examples 7 and 8:

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

from Degussa in 200 g of dichloroethane and then

introducing 0.1 mol of HCl gas into the solution slowly

with gentie cooling at room temperature for one hour.



In Exanples 4 and 5, the polynerization inhibitors
were prepared by a process which is described by
Mer bouh et 10 al. in the experinmental part on pages

24 t Ré? Preparation of
't etr% ﬁ)()pa per| di ne-i - oxoanmomi um salts and their
use as oxidants in organic chemstry. A review

<aga%§%g RBIIALLODY 04 BLaeturesenlnbeLiationtly yeron

2004

ReacBPéi MﬁSFF‘-éétlelﬂfﬁdo?iFf Redsbatswithhdthbloromethane and
Part getpati on O The Unpaired El ectron” (Ilzvestiya

Akadem i Nauk SSSR, Seriya Khim cheskaya, No. 11,

1965, 1927-1936). The reactant used was the

45 hy BxpryifEMPO ofir the Degaisthi ty to vahed emmaadaamecture

anal reanfag%xaw t 503&%?8' yg@{,&é@% i OF]fe.fcgr?i Prﬁgafqa?f purum,

Exanpl e e nono-
pol yRERPREET or? | Thi &% t diCQdediFn | ©f6 whe 25Tt-butyl-
prepargdhpardkﬁgéhyéﬂa tcapelided- dt hydr@dlrced pressure of

etrane |per|d|ne|n 200_m_ _of degass
di chsgrgg?har?e %ﬂgl:gﬂ PRGN EC1°Gad 5 @ ’?‘% a nltr"gen
B0l ubilenkat . r oé&m t enpee atenie sfdasly f eitbne houthermometer,

At CbonBORLEEACIIGRRT Lne Qo;lrpagﬁ P! LRI e purgeq

yel | ow 30 solid Iltered was
t er t FBOFGRIRLY hyi thepRérogra dn @d—”desxéﬁamcé%tanran@ln goxygen-

The ﬁeéynatmaabh@@el Ak RiHeor f usad |Th1@<aﬁ@¢§<§ggn aBfm8sphere

35 wa re are b O|VI 0. 05 nol
4- hyé?’o%e % O%(’re m%gu%% T %%“befntal duration. The
53] chtbr@ethe@e dhdskhéa chargeduei by @racml;ommg of the

gas sol |l o h in
ol Pégfejé?g?ureég e Ofhd WD SERELFSRE | MBalioe  of

one RBULYTSF1pd5tPRactPGAPIERE - pr ddi pi®%A¥d yEPI oWtart the
sol i dxpeasihéht pr etheof f hry@shetk Wl AsKi Gl of @fet-Bade into an

and 0il bath preheated to 110°C, in the course of which the
20 stabilized monomer composition. present in the three-
neck flask is 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 of the monomer composition 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 means of a glass filter crucible, dried
at 110°C for 5 hours and weighed accurately. The amount
30 of polystyrene present in the sample of the monomer
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 1is determined or inter-
polated if necessary for each polymerization inhibitor.



dried. 5 Experinents on the stability of the nononer

m xt ur e-
purum  nononer,

aPeeqa?

nitrogen 10 bl anket.

ter

pres

t

t her

is

at
dur
pre
par
ord
is

t he
con
sti
pol
Af t
hea
t ak
acc

pur ged

> 99.0%.(GC)

condenser,

J

)

95 hPa, a bot t om t&

is freed of t

Commercially avail able styrene (from Fl uka,

he

, 2- hydr oxybenzene stabilizer at a reduced
nperature of 75C and a
A three-neck flask with a

septum and a magnetic stirrer

t horoughly with nitrogen in order to obtain
an oxygen- free atnosphere in the flask. This nitrogen

pige
at1 on.

cisely 3
ticular

er to st
i mer sed

posi tion
rred. Th
ymeri zat
er the i
ted oil

en as a
urately

The

bS1
OPPREEFhe  di st |
anmount of
art the
into an

experi ment
oi |
. present
e anmount and the ty
ion inhibitor can b
nrer si on of the thr
bath, 2 g of the no
sanpl e at regul ar i
and introduced into

pol yrmeri 2

bat h [
course |of which the 20 stal
in the thr

!
§

6
I
I

|| &f

Labnedpver the eaLLr e gxper

5 three-neck fl as

k is charged

styrene and
ald19Rer HHHIIchO
jy gbtpéee-nec
reneated to 11
i 1z pm ntmyovhé r
ee- neck fl ask
e of the

taken from Ta
e-neck fl ask i
onmer conposi ti
terval s, weigh
10 il of netha

Aﬁ?ﬁéa' after

pREch the

[ sahplle of the
K _flask

JE?H?WFr

composition
h&a

hffe 1. Ppolymer
Ntentdi of 3%

Zgya£§3§§é

hdlin minutes]

attained

Af t
net
cru
acg
t hg
aga
con
whi
att
acc

er

30 nmi nut es,

t he pol ysty

I

ene precipitat

edo from

hanot |
cible, d
urately.
sanpl e

i nst the
parati ve
ch the g
ained_a

S Tenoved by nmeans
ried %Hllocfor 5
The ampunt 30 of p
noner
ime in a
e en the
anpl e Qi t he nonone

cony

¢

g
M

e

fa grass fitt
H88rs and wei g
)| ystyrene pres
position is plo
diagram As a
exanpl es, the
composi tion
35

BT
hedo
et
[t ed

in

[ e at
has

oy ding t

pnlynpr content of
o the ngﬁsurenent i

OH

q

b

3% by wei ght

1d@t er m ned or

bpter-

OH

0==2®

100 *

145

100

210




pol ated if necessary for each pol ynerization

i nhibitor. 200630032 - 19 - Table 1: Exanple

Pol yneri zation Active amount Tine after inhibitor of
whi ch the golynerization sanmpl e of the inhibitor
nmonoREPEEPR3Bpm (M m)] conposi t3%m  had attained a
pol ymer content of 3% by weight [in mnutes] 1 50 2

1001120 3O 10090 . KN 4 T00 14 O N
Cel® OH 100 210 @GN O Br 200630032 - 20 62G8 100

255 A GHQH 7;4(Eﬁ<each (100} 210
®

o N
CI"H OH

50 each (100210

OH in total) "
®
N ® L

Cl CI"H OH
8 OH 50 each (100 | 2058
OH in total) *¥
@
e
CFD Cﬁh(bH

"' 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
5 compounds. t
) ITn Example 8, in contrast to Example 7, the
molecular weight of the anion was also taken into
account.
10

Examples 4-8 are inventive examples.



OHin total) ~4ON O OClI Cl GINOH 8 OH 50 each (100 205
CHin total) ~ ICA CHCOH In the calculation of the
anmount of polynerization inhibitors, only the
nol ecul ar wei ght of the cation and not of the anion
was tAKERCCALo account for the 4%onic 5 conpounds. "I
In Exanple 8, in contrast to Exanple 7, the nvolecul ar
wei ght of the anion was also_taken into account. 10
Exanpl es 4-8 are inventive eié&ﬁéﬂéé 200630032 - 21 -
Cainms: 1. The use of a polynerization inhibitor for
stabiy |iziigg qlefi gk cal lyuasatycated mporsy i
characteri z_eqlq’! n tﬁat t,i%) ol'ynerization .ﬁ%ﬁ o?or stabi
conpri ses 1ZdRE0CLBL 10096 byY eIt CHSATE of
the for mathéré&);eRﬁz& ioNpekYz R3/ "R4 ~ 1 ) 10 and
from 100 0 0% 0y 221 ght: 8 SueAmAsrd Sl o
from 0 to 100% by weight of a compound of the
formula (1)

Ri. Ry
Yy
O:N+
X" Y2
Re T M
10
and
from 100 to 0% by weight of a compound of the
formula (2)
15
- R1 RZ
X-
Yq
H\ !
N
HO/
>r‘Yz
R3 R4 (2)
where:
Ri, Rz, Rz and Ry = alkyl group having from 1
20 to 4 carbon atoms and
Y., Y. = alkyl group having from 1

to 4 carbon atoms, or Y,



formula (2) 15 RLRR YJ HH N+ H Y2 R3 R (2)
where: Rl, R2, R3 and R4 = al kyl group having from1l
20 to 4 carbon atons and Y1, Y2 = al kyl group having
from1l to 4 carbon atons, or Y1 200630032 - 22(r) and
Y2 together forma ring system X-g= inorganic or
organi 00630832 5 where the subsPtuents of the RI,

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 substitue®d ofzt heP¥gthpy form a

Y2 type may be unsubstituted or subshit Byetemand the

10 sum of the percentages by wei ght .of the.conpounds .

of the formfila (1) and (2) adds~up t8°188YBy w8l ght, “F337+C

and is mixed with an ol efinically uasaburated nonomer

or %’P”."mer Hbé}é”fh&h%ﬁgsEQE‘Héhéssaf‘t%é%',eﬁ%? RNE R, Y and

ol efinically unsaturated nononer. 2. e use accordin

to claimil,Y: chapact erezeihe¢ n samg 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

10
adds up to 100% by

of the formula (1) and (2)

weight,
mixed with an olefinically wunsaturated

monomer mixture which comprises at

and is

monomer or

15 . least one olefinically unsaturated monomer.

2. The use according to claim 1,
characterized in that
the substituents of the Y; and Y, type are substi-
substituent or these substituents of
of the Y, and Y, type being
hydroxyl, oxo,
carboxyl, halo-

20 tuted, the
the substituents
selected from alkyl, ester, ether,
cyano, cyanohydrin, amino, amide,
gen, hydantoin, ketal, acetal or urethane group.

25
3. The use according to either of claims 1 and 2,

characterized in that
at least one olefinically unsaturated monomer

selected from ethene, propene,

30 butadiene, vinyl acetate, (meth) acrylic acid,

(meth)écrylate, acrylonitrile, acrolein, N-vinyl-

formamide, chloroprene, isoprene, divinylbenzene

or styrene is 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,
cyan%ﬁ?ﬁgpﬂ?zanino, am de, carﬁﬁiy1, hal o- gen,
hydant oi n, ketal, acetal or urethane group. 25 3. The

use accordin ei t her  of ¢l ai d 2
character?%%% ﬁ%otﬁﬁf aém(@gssogﬁé}éﬁg%iBP@aﬁFV"” of poly-
unsat ur at eeripabher igkiktted is onddedebe, tipe opemengd or to

but adi eneyh¥i Nydn S&SE alB xcLiRE h) BLEYhT GRClklle olefinically
(et h) acryl at e, acr%lonltrlle, acrolein, Nvinyl-

f or mani deM AT BFdpF RN hr ene, di vi nyl benzene or
styrene is used. 35 4. The use according to at | east

¢ ol ai - ' 0630032
2 o008 CHeRL Fo Eb D00 DB (M a1 Al o

merizatioh/inhibitor is added to the nononmer or to

the nonongrsPhxteFLzedasedyr the olefinically
unsat ur at ed nononer. S(gvnihe use according to

t
| east onebPMclhi AP™ t ERar i %r B ﬁﬁvﬁﬁatOf poly-
faom 1 ppmefizagidw LA Pp (18 Pdddd pod yehd Ononomer or to

nerizati OQhé”ﬁﬁ&lén%r i $id qgg,t obég q TRUPE esroigfinically

t he nononer m xture, baseg on'the olefinica
unsat ur at @gsabweReErd BONOMRY use according to at | east
one of clains 1 to

6. The use according to at least one of claims 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

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



155, characterized in that a pol ynmerization inhibitor
is used which conprises fromO to 100% by wei ght of a
compound of the formula (3) 20 Ra Rz X 0=N} ER3 R4
(3) and from 100 to 0% by wei ght of a compound of the
25 f 200630032 - 24_-,X_R R2Z HNE HOR3
R4 (%dﬂgvﬁeog%? R1, R2, R3 and szlg(: al kyl group havi ng
froml 5 to 4 carbon atonms and E = al kyl, ester,
ether, hydroxyl, oxo, cyano, cyanohydrin, am no,

am de, carboxyl, hal en,n hydan 10 toin, ketal,

acetal or urethahe group; &nd X- = inorganic or

organi c anion, where e _substituents of the Rl, R2,
R3 and R4 type 15 &ke tfie saNe or different. 7. A
nonomer conpositi on,\N"

HO
R @
where:
Ri, Ry, Rz and R4 = alkyl group having from 1
5 | to 4 carbon atoms and
E = alkyl, ester, ether,
hydroxyl, oxo, cyano,
cyanohydrin, amino, amide,
carboxyl, halogen, hydan-
10 toin, ketal, acetal
urethane group and
X = inorganic or organic

anion,

where the substituents of the R;, Ry, Rz 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 40 to 60% by weight of a compound of the

formula (1)



characterized in that the nononer conposition

conprises a polynerization

20 i nhi bitor which

conprises from'40 to 60% by wei ght of a conpound of

t he
\\ V- y20 0833 b 3el)

formula (1) 200630032 -
and from 60 to,40% by wei ght of a

25 - YJ RL O=N X-

conpound of the

5 formula (2) R YJ

H- N+ HOB /\-y2

R3 R4 (2)

having from 1
group having from1l
together forma

or gani c

R3, R4, Y, and Y2 type arfe t
either the 20 substit

where: 10 R1, R2, R3 and R4 = al kyl group
to 4 carbon atons and Y1, Y2 = al kyl
to ®, capzzbon atons, or Y1 and Y2

15 ring tem X- = inorganic or
ani on, where théﬁéﬁb%iituents of the R1, R2,
he same or different,
of the Y1 and Y2 type or

the ring
X- Y,
Re R ()
and
from 60 to 40% Dby weight of a compound of the
5 formula (2)
R, R
X-
Yy
H\\N+
/
0
<
R Re @
where:
10 R;, Ry, R; and R, = alkyl group having from 1
' to 4 carbon atoms and
Y., Y, = alkyl group having from 1
to 4 carbon atoms, or Y,
and Y, together form a
15 ring system,
X = inorganic or organic
anion,
where the substituents of the R;, Rz, Rs, Rge, Y1 and

20

Y, type 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,
and the

are

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



system based, on the substituents of the Y1 and Y2
type may 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
100% by weight, and at |east one olefinically

unsat urated nononer selected from al k-1-enes or

al ka-1, 3-dienes which may be ei ther substituted or
200636982t ut ed. 26

of the formula (1) and (2) adds up to 100% by weight,
and at least one olefinically unsaturated monomer
selected from alk-l-enes or alka-1, 3-dienes which may

be either substituted or unsubstituted.



