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sequent use of the monomers for free radical polymerization pur-
poses. However, free radical polymerization initiators can
usually predominate over a moderately inhibiting effect, as pos-
sessed, for example, by the monomethyl ether of hydroquinone

35 (MEHQ), and it is for this reason that MEHQ is a storage and/or
transport stabilizer particularly frequently used for monomers.
However, experience has shown that, even in the case of monomers
stabilized with storage and/or transport stabilizers, an uninten-
tional free radical polymerization of said monomers cannot be

40 completely ruled out. The latter applies in particular when the
monomers are (meth)acrylic monomers and/or styrene, which parti-
cularly readily undergo free radical polymerization.

N

The term (meth)acrylic monomers is to be understood here as
45 meaning substances which comprise acrolein, methacrolein, acrylic
acid, methacrylic acid and/or esters of the two abovementioned
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30
It is an object of the present invention to provide such a pro-
cess in a very advantageous and very broadly applicable manner.

We have found that this object is achieved by a process for

35 immediately terminating free radical polymerizations by adding a
phenothiazine-containing inhibitor solution to the system under-
going free radical polymerization, wherein the solvent of the
inhibitor solution comprises at least 50% of its weight of an
N-alkylpyrrolidone. '

40
The advantageous nature of the novel process is a result of
intensive and extensive research activity, as follows:

- compared with the recommendation of EP-B 64628 and
45 EP-A 200181 to add a polymerization inhibitor solution based
on hydroquinone or butylpyrocatechol or derivatives thereof
for immediately terminating a free radical polymerization,
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solution to be added according to the i nvention cont ai ni ng
phenot hi azi ne contains a substantially nore effi- cient and nore
broadly applicable free radical polynerazatlon inhibitor; 5
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30 tries. Another advantage is the low flashpoint of N-alkylpyrroli-
dones and their low toxicity, if they are toxic at all. However,
the fact that phenothiazine has high solubility in N-alkyl-
pyrrolidone at room temperature (25°C) is very particularly advan-
tageous for the novel process. This permits the novel use of

35 phenothiazine solutions having a high phenothiazine content
without the risk of the phenothiazine being immediately partially
or completely precipitated from the solution with a change of
outdoor temperature.

“

40 The addition of phenothiazine as such for immediately terminating
free radical polymerizations is a disadvantage in that the low
degree of division of the phenothiazine as such is not appro-
priate for the required immediate termination.

45 N-alkylpyrrolidones preferred according to the invention are
those with alkyl groups of 1 to 8 carbon atoms. Particularly pre-
ferred among these are the N-alkylpyrrolidones whose alkyl group
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atons. Very particularly preferred N-af kyl - pyrrolidones are

N- et hyl pyrrol i done and N-ethyl pyrrol-i done.. In addition to
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5, 322,917, Pes581, 429, DE-A 1618141, CN-A 1052847,
US-A 4,670, 131, US-A 5,322,960, the prior application DE- A 19602539,
EP- A 765856 Linadgit o/t phenothirzivesh thai talbilhtost ablet Myl beaddded s
derived fromcaoséimnctcartheeinvenition may exsopdantaifiosehef pdigmeeneation
formula |  inhibitors. Examples of these are hydroquinone, diphenylamine,
30 p-phenylenediamines, nitroxyl radicals (compounds which have at
’ least one >N-O~ group), compounds which have a nitroso group, ie.
— a group ~-N=0, and hydroxylamines.
Nitroxyl radicals (also referred to as N-oxyl radicals) which are
35 particularly suitable according to the invention are those
derived from a secondary amine which carries no hydrogen atoms on
the a-carbon atoms (ie. the N-oxyl groups are derived from cor-
responding secondary amino groups). Particularly suitable among
these are the N-oxyl radicals which are stated in EP-A 135280,
40 the prior application DE-A 19651307, US-A 5,322,912,
Us-a 5,412,047, US-A 4,581,429, DE-A 1618141, CN-A 1052847,
Us-A 4,670,131, US-A 5,322,960, the prior application
DE-A 19602539, EP-A 765856 and JP-A 5/320217.

45 Such suitable, stable N-oxyl radicals derived from a second amine
are, for example, those of the general formula I
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[err] are the sanme or different straight-chain or

branched, unsubstituted or substituted al kyl groups and
R3 and R4 are the same or differeng straight-chain or 15

branched, unsubstituted or substituted al kyl groups or
R3CNCR4 is an unsubstituted®r substRfuted, cylic struc- '

ture. 20 Compounds | which are p*rticuladly sui tabl e according to the in-
vention are those which are str-edci-r- A d35 880, {he, prior application
DE- A 19651307, US-A 5,322,912, US-f 5, 412, 047, US- A 4,581,429, DE-A 16 18
141, CN-A 8052847, US-A 4,670,131, 125 US-Al5, 322,960 and the prior
application DE-A 19602539. Exanﬁ?es‘bf tRbse are the stable N- oxyl

radi cal s of the general formula | whe®e [err] are (identical or
different) err] al kyl groups, such as nethyl, ethyl, n-propyl,

I sopropyl, %Sutyl, isobutyl or tert-butyl, linear or branched pentyl,
phenyl or a substituted group thereof and R3 and R4 are (identical or

di f f er ent 30 [R¥,r R2al R%/ langr Bfipare thehsame et hiilffeeehy|strrightpyhain or

i sopropyl, n-butyl, isobutylbfinchea) -@udulstituRed ofsubstieiedd aPgALyl or
a substituted group thereof é¥bup%°9§&her with CNC, are 35 the cyclic
structure [err] 40

R3® and R% are the same or different straight-chain or
15 branched, unsubstituted or substituted alkyl
groups or

R3CNCR# is an unsubstituted or substituted, cylic struc-
ture.

20
Compounds I which are particularly suitable according to the in-
vention are those which are stated in EP-A 135 280, the prior
application DE-A 19651307, US-A 5,322,912, US-A 5,412,047,
Us-A 4,581,429, DE-A 16 18 141, CN-A 1052847, US-A 4,670,131,

25 US-A 5,322,960 and the prior application DE-A 19602539.

Examples of these are the stable N-oxyl radicals of the general
formula I where R!, R?, R5 and R® are (identical or different)
C1-C4 alkyl groups, such as methyl, ethyl, n-propyl, isopropyl,

30 n-butyl, isobutyl or tert-butyl, linear or branched pentyl,
phenyl or a substituted group thereof and R3 and R% are (identical
or different) C;-C; alkyl groups, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl or tert-butyl, linear or branched
pentyl or a substituted group thereof or, together with CNC, are

35 the cyclic structure

CH
O (CHZ)n ( 2)n
< > or or or oxr
40 N N ' Z S
N N N

where n is an integer from 1 to 10 (frequently from 1 to 6),
45 including substituted cyclic structures of this type. Typical
examples are 2,2,6,6-tetramethyl-l-oxylpiperidine, 2,2,5,5~tetra-



where n is 05048466 from 1 to 10 (frequently from1 to 6), 45 including
substituted cyclic structures of this ‘type. Typical

2,2,6,6-tetramet hyl - 1- oxyl pi peri di ne,

2,2,5 5-tetra-

exanpl es are
0050/ 48466

6 methyl-l-oxylpyrrolidine and 4-oxo-8, 2, 6, 6-tetranethyl -1-oxyl - _

pi peri di ne. petpiic1NefyipyrrRfliiadhe Andalldxe-2} 2psyeidtramethpl cproapondi ng
5 secondary er}q%igg oXi'dation, for exanple w th hydrogen per- oxi de. As
a rule, the an be prepared as pure substance. The N-oxyl radicals |

sui tabl e according to the invention include in particul ar or

. | perj di ne-
pyrrol i di ne-TeeWroxyhntadicalsoly Fan 1o @rapage of Foftig Q’QﬁEFng’PMI ae |1

to | X: [eBrjecondary 8fi¥sidy6éxidation, for example with hydrogem pegtrer e
is from2 toodille. AsSaRAuldiS thie§ B8n be prepapeddesmtpureofsubseancet her, are
each 0 0 0 [err]
The N-oxyl radicals I suitable according to the invention include
in particular piperidine- or pyrrolidine-N-oxyls and di-N-oxyls
10 of the following general formulae II to IX:
OH
R7 R9 HO R10
1 Rl 5 Rl 5
15 ) n 7NN : NN
R2 | RS R2 | R6 R2 | R6
~ (o} o 0
[ ] LJ .
(II), (I11), (IV),
o]
* ot fomy_ ]
11 12 —C — c—0
R R 2 - c
Rl R5
rRZ | 'gs N N
25 o rRZ | “ge r2’ | “Rger
o o 0
(v), ° (VI), °
(li TI) R7 RS
30 g c—N— £ cny,) N—C—E&
m
. Rl R5
N2 N
Rl 5 1’ 57 R2 Ré
N R R N R (|,
2 6 i '
35 2 | 'mr r2’ | “ge .
o o
. (VIII),
* (VII), H O
R13—C—c—0®n®
40
Rl RS (IX),
R? R6

a0 —=

45



25 Merr] 0050/48466 is a hydrogen ion or an alkali netal ion, q

IS an integer from1 to 10, [err] ‘independently of one another, and
i_ndependent |y 30 of R, R2, R5 and R6, are the sane groups as
R1, [err] is [err]- alkyl -CH=CH2, -C =CH, -CN, [err]
Rierr] where is an organic radi cal which has at |east one

primary, secondary (eg. -NHR[err]) or tertiary am no group
(eg. -[err]) or at least ong annonlun1group 40 [err] where
X(err] is Fferr], Jerr], BrfefFP™ 349 0], [err] or
[err] and R14, R15 and R16 are organi c radicals

i ndependerg RBt RhamdnBP her independently of ofegandtidepeadenéagh of one

anot her and i ndepen- dently of Rl, are the same groups as
Rlerr]), 45 Rerr], i ndependently of R err], is one of the
same groups as R11 of -Herr] -OH, [err]-al%yl, Yerr],

- C=CH, 0050/ 48466 8 [grr] 5

or hydroxyl - substi tut ed fers,] --at ky+—(@g— (GH) gx-co0° M ®,_0-Cc-Rl’,-C~R1Et hyl
or hydroxd®ropyl) or Rlerr] angl R12 t ggether are the oxygen of a
car bonyl group and [err] Prei erably, R[er“] R[err] = Rerr]

=R err] R err] R err Rl err] 5 anpl es
of typical N-oxyl radl ca’I_leHai’ta%SI;e ac(:o_dl(ﬁg—ts_t"hECHz)q_ coo é @EX

15 —coo® ®, —soP u®, —polu®,

: 20 ®
— — 0—PO0; M; , — 0—s0P M®, — og,

— O—{CH;—CH,— Oj_H or

20
— O—{CH—CH;— Oy H ,
CH3
25 M® is a hydrogen ion or an alkali metal ion,
q is an integer from 1 to 10,

Rl’,R2’,R5’,R6’, independently of one another, and independently

30 of Rl, R2, R5 and R, are the same groups as R!,
35 _ ﬂ__ Ng,, -CO0®M®, -COOCH; or -COOC:Hs,
R1l is an organic radical which has at least one

primary, secondary (eg. -NHR!) or tertiary amino
group (eg. -NRIR2) or at least one ammonium group

40 -NOR14R15R16X9, where X° is F©, ¢19, Br®, HSO.®,
S042°, HP02, HPO;2 or P0,%*© and R4, R15 and R16
are organic radicals independent of one another
(eg. independently of one another and indepen-
dently of Rl, are the same groups as Rl),

45

R12, independently of R!l, is one of the same groups

as Rl or -H, -OH, C;-Cs-alkyl, -cooPM®, -c=cH,



tnventi on ar@050/48466r oxy- 2, 2, 6, 6-t et r amet hyl - 1- oxyl pi peri di ne,

4- hydr oxy- 2, 6- di phenyl - 2, 6- di net hyl -1 -oxyl pi peri di ne,

4- car boxy- 2, 2, 6, 6-t et ramet hyl - 1- oxyl pi peri di ne, 20

4- car boxy- 2, 6-di phenyl - 2, 6-di net hyl - 1- ogyl pi peri di ne,
3-carboxy-2,2,5,5-tetramet hyl - 1- oxyl pyrraqlidine, o

3- car boxy- 2, 5-di phenyl - 2, 5-di hyl - 1- ox%ﬁpyrrolidine,

4-acetyl -2, 2,6, 6- tetranethyl 14loxyl pi per itdi ne, ”

N, N - bi s(I -oxyI 2,2,6, 6-tet ramérhiyl gzvperpdi-noﬁ-—ﬁﬂpqurmc-—m%-—paﬂs
fornyl-1,6-dian1nohexane and

bi s(1-oxyl52, 2, 6, 6-tetranet iyt pyaeokgl reubstitutel pay-€4-alky T hedir apaseky-on
of 3-carboxy-2, 2,5, 5- tetreunggnyl-groK¥%r6§yﬂyyp 1) ordlne i s described, for

exanpl e |n Ronanelll, M, Otaviani, rtini, , Kevan, L., JPCH
J: Phys. 10 3, 1 (21989 317-322. The conpoun VI) and
(VI'1) can b b?ﬁ?r@% accorotﬁ’ﬁ)tpﬁr are,the PF¥EeRs0 é’g a@&ﬁ%?eg‘% lzolﬁ(!i‘dDE-A
19510184. 35 Further suitable typical exanples are:0 [err] 40
[err] 10 Sunanot o, Junzo; Akiyoshi, Kuzunarf, [err]

Ki hara, TetsR}¥ ;= Endo, MasaywkH, BCScH3 or —CBQ-H‘-]C-—OG #R 8, Bull,

Chem Soc. Jpn., EN, 65, 4 (1992), 1041- 1046 45
0 Mﬁ% 1 = p2 = RS = Rl’ = R2’ = RS’ Ip6’ = _ [err]
5 t%%%@?y, R B&is®in ﬁeg’i’ & ry Ninmber 86956869 = ~CHs-

[err] err] 10 [err]
Be||ste|n1$«§fqmpﬂyshgﬁ¢ﬁyp Yooexyl radicals suitable according to the

(4 .am no- 2, 2Zimredttionr amet hyl - 1- oxyl -
4-hydroxy-2,2,6,6-tetramethyl-l-oxylpiperidine,
4-hydroxy-2, 6-diphenyl-2, 6-dimethyl-l-oxylpiperidine,
4-~-carboxy-2,2,6,6-tetramethyl-1-oxylpiperidine,

20 4-carboxy-2,6-diphenyl-2,6-dimethyl-l-oxylpiperidine,
3-carboxy-2,2,5,5-tetramethyl-l1-oxylpyrrolidine,
3-carboxy-2,5-diphenyl-2,5-dimethyl~1l-oxylpyrrolidine,
4-acetyl-2,2,6,6-tetramethyl-l-oxylpiperidine,
N,N’-bis(1l-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-N,N’~bis-

25 formyl-l,6-diaminohexane and
bis(l-oxyl-2,2,6,6~tetramethylpiperidin-4-yl) adipate.

The preparation of 3-carboxy-2,2,5,5-tetramethyl-l-oxyl-pyrroli-
dine is described, for example in Romanelli, M., Ottaviani, M.F.,

30 Martini, G., Kevan, L., JPCH J: Phys. Chem., EN, 93, 1 (1989),
317-322.

The compounds (VI) and (VII) can be obtained according to
US-A 4665185 (eg. Example 7) and DE-A 19510184.

35
Further suitable typical examples are:

i

20 o—p—0° L
l Sunamoto, Junzo; Akiyoshi, Kuzunari,
o® oNa Kihara, Tetsuji; Endo, Masayuki, BCS

JA 8, Bull, Chem. Soc. Jpn., EN, 65,
4 (1992), 1041-1046;

45
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pi peri di ne) ; 0850/484660 [err] - - Bei | stein

Regi stry Nunber 6800244 ) _ [err] 25 30
Bei |l stein Registry Nunber 5730772

(N-net hyl -4-am no-2, 2,6, 6-tetra- 9N

met hyl - 1- oxyl pi peri {i ne; 35 [err] Beil stein
Regi stry Nunmber 5506538 40 '

(2,2,6,6-tetranet hyl-4-(2-anino- N
et hyl am no) - | - oxy! pperi di ne) ; 45 0050/ 48466

10 [err] Beil stein Registry Nunber 4417950 5
(4<bi s(2- h§dr oxye >-am no- Beilstein Registry Number 6926369
2,2,6,6-tetramet hyl { 1- oxyl - (C11H22N302);

0
10
N
Beilstein Registry Number 6498805
(4-amino-2,2,6,6-tetramethyl-1-oxyl-
N piperidine);
15
®
A0
20 N
Beilstein Registry Number 6800244
(C11H23N202) ;
N
25 (o}
®
N
30 . . .
Beilstein Registry Number 5730772
._ (N-methyl-4-amino-2,2,6,6-tetra-
N N methyl-l-oxylpiperidine;
o
35 i
N/\/ N
Beilstein Registry Number 5507538
40 (2,2,6,6-tetramethyl-4-(2-amino-
N ethylamino)-1-oxylpiperidine);
o
[

45



[err] oosoéﬁﬁéﬁﬁdine); 10 ‘0 15 [err]

Beil stein Registry Nunber 4396625 ) [err]
25- 25[ err] Bei |l stein Registry Nunber 4139900
(4-amno-2,2,6,6-tetra- 10

met hyl - 4- carboxy 1 oxylpiperidine) 30 N N

Bei | stein Regp © 4137088 35 [err]
(4-am no- 4- cyano 6 tetra-

nethyl-l-oxylplp 0050/ 48466

BeiléE;in Registry Number 4417950
(4<bis(2-hydroxyethyl)>-amino-
2,2,6,6-tetramethyl-l-oxyl-
piperidine);

10

Beilstein Registry Number 4396625
(C12H25N202) ;

20

(
o
o * O %z§j>——z

25 Beilstein Registry Number 4139900

(4-amino-2,2,6,6-tetra-

2
2
(@)

30

[ Je]
\

Beilstein Registry Number 4137088
(4-amino-4-cyano-2,2,6,6-tetra-
methyl-l-oxylpiperidine);

35

_Q

40

45

methyl-4-carboxy-l-oxylpiperidine);

20



11 0050/48466 ' ‘ Bei | stein Regi stry Nunber
3942714 5 “lerr] - 10 [err]
Bei |l stein Registry Number 1468515

(2, 2,6, 6-tetranet hyl -4-hydroxy-4- 15 Jerr]
acetyl -1 -oxyl pi per kdi nej}; 20 0
Beil stein Registry Number 1423410

(2,2,4,6, 6-pent gyret hy|l - 4- hydr oxy- 1-

oxyl pi peri di ne);
Regi stry Nunbe
(4- car boxy¥et h
nethyl-l-oxylplperwdlne) 35

30 [errLeilé¥Lin Registry Number 3942;$2Isteln

6. 6-tetra- (C12H25N203) ;

0
[ 4
10
0] . . .
Beilstein Registry Number 1468515
(2,2,6,6~tetramethyl-4-hydroxy-4-
15 N acetyl-l-oxylpiperidine);
o o
L
20 o
Beilstein Registry Number 1423410
(2,2,4,6,6~-pentamethyl-4-hydroxy~1-
F oxylpiperidine);
25 0
[ ]
0
30 i o |
Beilstein Registry Number 6205316
Y (4-carboxymethylene-2,2,6,6-tetra-
N methyl-l-oxylpiperidine);
35 o
L J
0
40
0 8]

Y Beilstein Registry Number 1395538
(4-<2-carboxy-benzoyloxy>-2,2,6, 6~
tetramethyl-l-oxylpiperidine);

a5 N

(o]

[ 4



40 [err] 0050/48486i | stein Regi stry Number 1395538
(4- <2-car boxy-benzoyl oxy>-2, 2, 6, 6- :

tetramet hyl - | - oxyl pi peridine); 45 0050/ 48466
12 [err] Bei | st ei p2Regi stry Nunber 3546230 5
(4-carboxynethy|-21;,6,6-tetra- met hyl -1 - oxyl pi peri di ne);
SO 10 [enr] Bei l stein Registry Nunber
3949026 (4-carboxyl-2,2,6,6-tetra- 15 [err]
met hyl - | - oxyl pi pari di @e); 20 Beilstein . §§H€§

: : . : y Number 30
?ﬁ[kffg;;_geQ' Nugg?rZS (4-carbbx§g§%E§¥§2z256,6-tetra-
met hyl pi peri di ) - methyl-l-oxy%ﬁﬁﬂﬁﬁgﬁéa?éﬁinetetra-
acet am de) ; 39 [err] Bei | stein Registry

Nunmber 5961636 o

10
o
Beilstein Registry Number 3949026
(4-carboxyl-2,2,6,6~tetra~
15 N methyl-l-oxylpiperidine);
N 0
[ ]
20
00 0
‘\( j&
Beilstein Registry Number
0 N 4611003
//u\‘—- / (N-(l-oxy-2,2,6,6-tetra-
25 - To) methylpiperidine-4-yl)-
® O—N N N ethylenediaminetetra-
acetamide);
0
30
| NS
g N
o Beilstein Registry Number 5961636
(C13H21N204)
35 N
o
[ ]
40

45



[err] 35  005@/4846645 0050/ 48466 .
' : Bei l stein Registry Nunber

13 [err] 5

5592232 [err] 10 N Beil stein
Regi stry Nunber 5080576 15 13[err]
(N-(2,2,6,6-tetranethyl - 1- oxyl -

pi peridin-4-yl)succinam de; g [err] 20 25

5 Beilstein Registry Number 5592232
(C15H27N204) ;

2}

e O

10

o)
(0]
N//m\v/ﬁ\ﬂg Beilstein Registry Number 5080576
15 o (N-(2,2,6,6-tetramethyl-1-oxyl-
U piperidin-4-yl)succinamide;

N
0]
[

o]

25 /U\/\/o

N Beilstein Registry Number 5051814
(4-(4-hydroxybutanoylamino)-2,2,6,6~
tetramethyl-l-oxylpiperidine); '

N
30
6]
L [ ]
~—
o
35 N
Beilstein Registry Number 4677496
(2,2,6,6-tetramethyl-4-oximino-1-
N oxylpiperidine);
40 o
[ ]

45



N 0050/48866 st ei n Regi stTy Nunber 5051814
(4- (4- hydr oxybut anoyl am no) -2, 2, 6, 6-

fetranethyl - 1- oxyl pi peri di ne); 30 35
Beil stein Registry Nunber 4677496 14
(2, 2,6, 6-tetranet hyl - 4-oxi m no- 1- [err] oxyl pi peri di ne);
40 45 Y 0/ 48466 14 [err]
Bei | stei n Regi Nunber 1451068 [err] 5 10 O '
Bei | stei n Reghbt rylMunber 1451075 pejilst&id IRegistry Number 1452668 15
o N (C11H3gNOz) ;
5 |
(0]
®

10 o
Beilstein Registry Number 1451075
N (C11H29NO2) ;
15 0
[ J
N
0
Beilstein Registry Number 1423698
20 N (4~ethyl-4-hydroxy-2,2,6,6-tetra-
l methyl-1l-oxylpiperidine);
0]
[ J
25 J—
o o
:>E?<fi;; Beilstein Registry Number 5509793
N (4-ethoxymethyl-4-hydroxy-2,2,6,6
| -tetramethyl-l-oxylpiperidine);
30 o)
] L J
\\/.
o)
35 ° N
5 Beilstein Registry Number 3960373
(C10H19N203);
N
0
[ 4

40

45



-20 0050/48466  Bej | stei n Registry Number 1423698

(4- et hyl - 4- hydr oxy- 2, 2, 6, 6-tetra- © Jerr]
.ret hyl - 1- oxyl pi peri di ne); 25 0 0
Bei |l stein Registry Nunmber 5509793 15

(4- et hoxynet hyl - 4- hydroxy-2, 2,6, 6

-tetranet hyl - 1- oxyfipi peri dine); 30 [err] 30 [err] 35
Bei |l stein Regbstrﬂ‘Nunber 3960373 [err] 40
45 005 466 Beilstein Registry Numbky
Bei | stein Regqi ftry]| Nunber (C10H17N202) ; [err] 5 [err] 10
5 N
(o)
[ J
10 o o
o o} Beilstein Registry Number 3985130
((2,2,6,6~tetramethyl-l-oxyl-
4-piperidylidene)succinic acid).
15 N

According to the invention, mixtures of an N-oxyl radical can of
20 course also be used in addition to phenothiazine.

Organic nitroso compounds suitable according to the invention
are, for example, N-nitrosoarylamines or nitroso compounds having
a nitroso group bonded directly to a carbon atom of an aromatic

25 nucleus. Examples are nitrosophenols, such as 4-nitrosophenol,
nitrosonaphthols, such as 2-nitroso-l-naphthol, nitrosobenzene,
N-nitroso-N-methylurea, nitroso-N,N-dialkylanilines where alkyl
is methyl, ethyl, propyl and/or butyl, N-nitrosodiphenylamine,
N-nitrosophenylnaphthylamine, 4-nitrosodinaphthylamine and

30 p-nitrosodiphenylamine. According to the invention, mixtures of

. the abovementioned nitroso compounds can of course also be used
— in addition to phenothiazine.

p-Phenylenediamines suitable according to the invention are those
35 of the general formula X

R16 R18
~ e
X
S ()il o
40 R17 H

where

R16, R17 and R18, independently of one another, are each alkyl,
45 aryl, alkaryl or aralkyl of up to 20 carbon
atoms or hydrogen.



- Bei | st ei n ROG5O/4PLGSNDer 3985130 -
((2,2,6,6-tetranet hyl - 1-oxyl - -
.4--pi peridylidene)succinic acid). According to the invention
m xtures of an N-oxyl radical can of 2@ecourse also be used in addition to

venton P R e AL B D e
havi ng aaﬁﬁt?%%C)dét inE%€%¥i¢ roggﬁ %%éyggga(béﬁog. o ‘of ngggﬂghtlc
25 nucl eus. PERY ni PR [P&n SpBR %Xkr?rfs P&rﬁw%%ﬂm]énar:a le.

ni t r osonaphExamples m,ﬂw sadtable (qampounds a§ mred NN’ -Pésotrgriaty l-p-pheny-
N- ni t r oso-5\1enedianineg, Nrphenph-NN Jisdpabhylphenyleasdilmeire alNepaphthy k-

et hyl, et hyl ,-saéqswﬂyla@»d Rénylénddiabtine | IR0 ‘RReawe ony henylene-

N-ni tr OSOPhﬁEEHEﬁ& %m-’@flet“h gg&%ﬂ&m&&&ﬁ&ﬂlﬁg‘ g

v enon - o BEn i 28R i ti}vfc&ﬁfg%fé}?%dﬁmﬂg%ﬁ- SRR, on

abovenent i ofie

to phenothl§zvﬂe7d1metH¥lPﬁeH mrenedippine g H-ehsry lalc N dihgthglrhe
i nvent i orl0apephénykergiiiaminge Hephenyll-N6sNitdipXopyl-p-phenylenediamine,
[err] N-phenyl-N’R¥8 -di-n-bu¥id-p-phehglénediamdag e miephdnyloh pne-di-

anot her, ar%e@aﬁﬁkfﬁJﬁupheﬁ§lened1am1ne, eﬁyﬂUN7-ﬁEKﬁ§11N‘Uéﬁ§ aLkyl of up
to 20 carbo g % 48466
e

16 Hhegg}lﬁ'lne 1ne% I I’l(;y? ﬁfg.%n 'Bro%JfTPe'g’%%Q‘ are each
met hyl , eth t é Bu? \ %ﬁﬂ?dﬁ pe, N-phepyly|  pentyl,
phenyl ort5n ph?E? h&&ﬁ %ﬁm%%esuwrahﬁle‘N"E%ﬂﬁﬁlEErRhengﬁﬁﬂable
conpounds Xdaemine\ W-phesy3el  bigopropyphprAphenydenedianime NnM-phenyl -
N>phenyl - N §ir sbatppsg-phenylenediaiines, NMphwI-NyL1isobutyl-p-phenylene-

N - sec- butylyi BmPRENW-PRedy 80k n-esed\'-b%:.g h@éﬁﬁ?ﬁ;}i}éheal&tiﬁw | §f1heny1di am ne,
N, N, N -trl%Lh¥£r£)ﬂH%%ﬂXbeBﬁgﬁfigﬂgal ﬁnbﬂgﬁ l-N'-n—pentyl-p—pheny-

20 lenediamine, N-phenyl-N’-n-hexyl-p-phenylenediamine, N~phenyl-
N’~(l-methylhexyl)-p-phenylenediamine, N-phenyl-N’-(1,3-dimethyl-
butyl)-p-phenylenediamine, N-phenyl-N’-(1l,4-dimethylpentyl)-
p-phenylenediamine and p-phenylenediamine. According to the
invention, mixtures of p-phenylenediamines may also be used in

25 addition to phenothiazine. Particularly suitable mixtures of this
type are the p-phenylenediamine mixtures recommended in
WO 92/01665.

According to the invention, mixtures of all different abovemen-
30 tioned polymerization inhibitors may of course alsc be used in
addition to phenothiazine.

Phenothiazine solutions which are preferred according to the
invention are those whose total content of polymerization inhibi-

35 tor comprises at least 50, particularly preferably at least 75,
very particularly preferably at least 90, % by weight of pheno-
thiazine. Particularly advantageously, no further polymerizatrion
inhibitor apart from phenothiazine is present in the inhibitor
solution to be added according to the invention.

40
As a rule, the content of phenothiazine in the inhibitor solu-
tions to be used according to the invention is at least 10,
preferably at least 20, particularly preferably at least 30, % by
weight, based on the solution. Frequently, the phenothiazine

45 content based on the solution is from 35 to 45% by weight. As a
rule, the phenothiazine content, based as above, of the solution



-p- phenyl ene Q5R 8466 N- di et hyl - p-phenyl enedi ami ne, N-phenyl -

N , N -di net hyl - p- phenyl enedi ani'ne, N-‘phenyl-N , N -di ethyl- 10
.p-phenyl enedi am ne, - N-phenyl - N , N -di propyl - p- phenyl enedi am ne,

N- phenyl - N , N -di - n- but yl - p- phenyl enedizam ne, N-phenyl-N /N -di-
sec-butyl - p- WWBQB@Q' ACeSainly RHCENe - MvenRlibi wiit Etfl&l V1scos:Lty

p- phenyl enedﬂ,eaa{gnrl]ll% a%ﬁehy clt Ne: %3@3'6% ngregg?:&m? pheny ene- di am ne,

N- phenyl enedi am ne

N - et hyl - p- phenyl enedi am ne, N-phenyl-N -pr opyI p- phenyl ene- di am ne,

N- phenyl - N -Aegssiddpg| to- Wi riyivent #Pam s EolNtiRRMGF -phenothiazine in

N - but yl - p5 piesthylpyedoiidore, Mhphenphendthisshoeytontetengl edeantagedusiyne,
N-phenyl - N - e 35t ¥b- seph%)aﬂr%ﬁeqloam 50, M- phewyight, based on the solu-

N -tert-but ytl.:uﬂ: pfl%”}ﬂ'@?@ﬂl Yl ﬂeﬂ@fﬁa}gzz.%egg§ﬁ¥en@%f the

| enedi am ne, hén l.enedi. ne

N - (1- met hyﬁ% £n 18ﬂ3%ﬁ§;)% rhetal BIhESIEOKe - (1, 3- di net hyl -

butyl) - p- phenyl enedi am ne, N phenyl - N - -(1, 4-di net hyl pentyl) -

p- phenyl eh@ommmeénnr«pcm iyl sndtiable rfor Apmedirtein derminatingneayti on,

m xtures of fyphefyfeaediadicads pohymert Saationssedni particaddrt thosé mnin-
pheROt h: azi Ngenti®dnal CHhdsdy rAihatapl £réa @d&l@&l%o%%egngggkwg ﬁépr\ﬁ:ﬂdﬁgd .
p- phenyl ene e ggeg&g:ﬂ ccording to
the inventi gén@mrlnﬁxtb%ééﬂ%@gﬁegg ren En:boverren- 30 tioned pol ynerization
i nhi bitors_may of course also be used in addi tion to phenot hi azi ne.
Phenot hi a3? nehess dordnde vip drrkicubpeiidie apigtentipna dgeensadicalypodyon

are those wmerizagighscofithmseosubstynees mdicbneompr isie ag85least Apr 8bs at
| et 50, palddstilogr by gt clensabby et 1@Esby/weightvasfy (methi)actylic/ mono-
preferably ahedsfahreeulabiy ‘éﬁhﬂgﬁlé’f rﬂé‘l‘ﬁﬂﬁbr 1idimsionRrsParé i cul arly
advant ageoust th’}%cﬁ:gﬂi:icl a)’aﬁeégﬁ%@{ '3 (meltﬁgigf&;ﬂ{ %Ei‘&t%xgégﬂﬁ

phenot hi a a ordlng
Lo the | ne8riYdric 95 po 177 i RRELTSRLAR, W6

i nhi bi tor sothg monphydrie cPJbé’Q}é’éHd’é%%c#]d‘taﬁ‘Qlﬁoaﬁlé’ﬁ wentpohwmtmcaréagt
10, pr ef eratzms ar baasto AWelyer carhbmrdbomsr of comhlbo atightasarizth akoms.

wei ght, baserygircaihexamples @E shtROeStddsy ,ax’eheoﬁfatmﬂﬂeaméaﬁyﬂ&aqlfaeat,
bﬁ;ﬁgtﬁnat hee@ghugbe 1a§efr:m19u% 1t chly‘ifééw wabs | 1&%x-§1atéul€eréhﬁc de

?.7 to geni% giczl’% tO he fuﬁ/e&{ i On%\l\??ﬁhgtjfh%%r lg'&e)é %83& reasons
al one, not W& gg&;é’ g &h{"e r aPgteTF '&Wé" nvﬁﬁfi‘?%‘ﬁflaé

sol ution of phenoth|a2|ne in 5 methyl pyrrolidone, whose phenot hi azi ne
content is ablvanmageeusagvantageons3in tter®® ofr appbinatione Sbe Phénothdiaght
based on thezii® wolutibn Oty bes apded cdd¢dskdingeguethéd Vinviehe ipheidt Hritan-ne
content ofotdifbed via a spray nozzle in order to achieve a very rapid homo-
geneous distribution in the system undergoing free radical poly-
N\ merization. The abovementioned homogenization can of course also
be supported by circulation and/or stirring. However, such mecha-
nical aids also give rise to the danger of acceleration of the
35 polymerization since they simultaneously introduce energy into
the system undergoing free radical polymerization. The phenothia-
zine solution to be introduced is advantageously contained in a
suitable storage container. If the novel process is used for
immediately terminating the free radical polymerization of
40 (meth)acrylic monomers unintentionally undergoing mass polymeri-
zation, the total amount of phenothiazine added should be from
about 0.01 to 3% by weight, based on the (meth)acrylic monomers.
As a rule from 0.01 to 0.05, often 0.025, % by weight is suffi-
cient.
a5




- aboverrent i omosld&ﬁﬁﬁ)n is 45% by -wei ght.- 10 The novel process is suitable

for inmmediately term nating any type of free radical polynerizations, in
_particular those unin- tentional and/or runaway free radical

pol ymeri zati ons nenti oned at the beggnning of this publication. 15
These incl uggain ?w@rt icular the unintentional free radical poly-
~merizations of those substances which conprise at |east 95 or at | east 98

or at |east 99 Oi’ 100% by wei ght of (meth)acrylic nono- nmers.
Parti cul arI &bt e (meth)acrylic nononers are (meth)acrylic acid and
-esters or (nmeth)acrylic acid and nono- 20 hydric or pol yhydric al cohols.
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met hacryi at 80 T 1#it9HadeevRESRY | Whichs fantained k0 mlnpfhacdQl staength by 3
manner ad%wagbb@lutmer ff pienghhiiacine oin N-iretpydpptivkidone andewas
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5 500 M of cgmpdFddrekkhmpee Yl ate stabilized with 10 ppm by wei ght of
MEHQ was ntroduced under nitrogen into a sti rred vessel havi ng an

I nt ernal nd | mMmer se an oil heated to

100[ err]C. J‘fﬁ% %’f?ﬁgl%’é'aev8§§e"1‘s vﬁé’sEﬁﬁﬂﬂg%tle'd &¥cePy "7%?‘?/6""1{90 sjorage vessel
contained only 10 ml of N-methylpyrrolidone. The valve control
was triggered 81 hours after the 2-ethylhexyl acrylate had been
introduced into the stirred vessel. Within 0.7 hour, the 2-ethyl-

30 hexyl acrylate had polymerized to a high-viscosity material.

o Example 2

The table below shows the results of investigations into the
35 solubility of phenothiazine in various solvents at 25°C.
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-50 nm st or ad®50/ABA660hi ch contained 10 mM of a 40% strength by 10 wei ght

sol ution of phenothi azine in N-nethylpyrrolidone and was under a gage
_.pressure of 9.5 bar. A valve nounted between stirred vessel and storage
vessel was controlled by nmeans of a teggera- ture sensor imrersed in the

stirred vessglhjelhe control was adj usted so that, when 1050C was
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We claim:-

1.

A process for immediately terminating free radical poly-
merizations, comprising the addition of a phenothiazine-con-
taining inhibitor solution to a system undergoing free radi-
cal polymerization, wherein the solvent of the inhibitor so-
lution comprises at least 50% of its weight of an N-alkylpyr-
rolidone.

A process as claimed in claim 1, wherein the N-alkylpyrroli-
done is N-methylpyrrolidone or N-ethylpyrrolidone.

A process as claimed in claim 1 or 2, wherein the phenothia-
zine content of the inhibitor solution is at least 10% by
weight, based on the weight of the inhibitor solution.

A process as claimed in any of claims 1 to 3, wherein the
system undergoing free radical polymerization comprises
(meth)acrylic monomers undergoing free radical mass poly-
merization.

A process as claimed in claim 4, wherein the (meth)acrylic
monomer is (meth)acrylic acid.

A process as claimed in claim 4, wherein the (meth)acrylic
monomer is a (meth)acrylic ester.

Apparatus for immediately terminating free radical poly-
merizations, containing a phenothiazine-containing inhibitor
solution, wherein the solvent of the inhibitor solution com-
prises at least 50% of its weight of an N-~alkylpyrrolidone.

An inhibitor solution containing phenothiazine and an
N-alkylpyrrolidone.

A solution as claimed in claim 8, containing phenothiazine
and N-methylpyrrolidone.

< 20 10 n-Butyl acetate
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W& cl ai m -0050/48466r ocess for imediately terninating free radical poly-

5 meri zations, conprising the addition of a phenothiazi ne-con-

.taining inhibitor solution to a system undergoing free radi- cal

pol ymeri zati on, wherein the solvent of the inhibitor so- | ution
conprises at |east 50%of its weight of an N al kyl pyr- rolidone. 10
2. A proc aj . 1 .Gl al ¥Qﬁ[ a4t Qﬁg!. oli- done
is N net h%@&%d%ﬁééﬁ\{a& h;!}ql %f/? roli (S'Jr%:eL. Bgl .l%ttg%ééess as clai nmed
inclaiml or 2, wherein the phenothia- 15 zine content of the

i nhi bi t or ARARAAEN is at | east 10% by wei ght, based on the wei ght of
the inhi®itor solution. 4. A process as clained in any of clains 1 to

3, wherei nridee radical poBniPizadesgei O fimediateDaltaraliyated 26y iaiting
conpri ses 2%henotﬁ%&hﬂé%&ﬂa&nﬂeom&i%d%G_Qé Ngbived® tafbffleddRS POl Y-

i zati A | th
(et nyacr yteaet 50 SEBENRGRE SEREHE Al ipTibiaadls™ © G 11, ococs as

claimed in claim4, wherein the (nmeth)acrylic nononer is a
(et h) adPylic ester. 7. Apparatus for immediately termnating free
radi cal poly- 30 meri zations, containing a phenothiazi ne-containing
i nhi bi tor sol ution, wherein the solvent of the inhibitor solution
com prises at |east 50% of its weight of an N-al kyl pyrrolidone.
8. An inhibitor solution containing phenothiazine and an 35
N—alkylgérrolidone. 9. A solution as clained in claim8, containing
phenot htazi ne and N-net hyl pyrrolidone. 40 45
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