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I n addition dgsg/Egeééi azi ne, the inhibitor solution to be added accdr i NDQB 2002
to the invention may also contain other polynerization inhibitors. Exanples

-of these are hydroqui none, diphenylam ne, 30 p-phenyl enedi am nes, nitroxyl
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s an unsubstituted or substituted, cyllc structure. 20 Conmpounds | which
are particul-ar| pProgesab$ef adrogdi 2g(2b (1993 avebi+dit geeomhends wforh are
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such as methyl, it [y BOLlVeRt SSFPLiF4Rg MAHALY an?akao L9eRRit y| or
t ent - but y20 Iinear or branched pentyl, phenyl or a substituted group
thereof and Rtwed Eéva&nfag(eisdentfwlnaweldpfb@mme) aé- t¥anlNcdl kgl pypso- such

as methyl, ef{¥nesNaPé Ofdrt k8ORSOPYHubsRahbty! Fdrs@R¥hYte ortﬂeebbimg
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2C02 formation of explosive vapor/oxygen mixtures in hot climatic
zones. Furthermore, N-alkylpyrrolidones generally have a low
melting point, which permits their use even in northern coun-

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



~6 et hyl - 1- gggbpyssesi di ne and 4-oxo-2, 2,6, 6-tetranethyl -1- oxylplperlglﬁgR 2002

The N-oxyl radicals | can be prepared fromthe corresponding 5 secondary
-am nes by oxidation, for exanple with hydrogen per oxide. As a rule, they
can be prepared as pure substance. The N—oxyl radicals | suitabl e according

to the invention include in artlcular I per i di rrol {dine-N:oxyls

and di - N-ox}FLhd &P ?h%aﬂﬂﬁp %?ﬁPéﬁaerFHfﬂ |PFe¥8r¥§é YRI R5 15
R R6 0 (I1)pyrapliidongs 2are mmemby nrq:ledzseoaled/)N-qthxépvr@Ndone CH RL N~
R5 R2 ~R6 35 OHORlo RL N\ R5 R2 ~ R6 O(VIl), 40 45 RB7 N2 Ri 3-C-C 00

MO RL N~ RS514 ddiikionRéo “N-al\kyB§ £+ 8 Zdonlds Jc'hé“pﬁi’endi'thELna?solﬁtB@n £11).
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vents. Sul solvents of this type are all those which are
miscible with N-alkylpyrrolidones. Examples of such solvents are
biphenyl, diphenyl ether, toluene, xylene, dimethyl phthalate,
butyl acetate and 2-ethylhexyl acetate. N,N-dialkylcarboxamides

10 whose alkyl groups are preferably of 1 to 8 carbon atoms are
furthermore suitable as such other solvents. Particularly advan-
tageous alkyl groups are methyl, ethyl and n-butyl. N,N-dialkyl-
carboxamides of C;-Ci-alkanecarboxylic acids are also particularly
advantageous. N,N-dialkylcarboxamides particularly advantageous

15 according to the invention are N,N-dimethylformamide and N,N-di-
methylacetamide.

The solvent of the phenothiazine solution to be added according

to the invention preferably comprises at least 75%, particularly
20 preferably at least 85%, very particularly preferably at least

95%, based on the weight of said solvent, of N-alkylpyrrolidone.

According to the invention, the solvent of the phenothiazine

solution advantageously consists exclusively of N-alkylpyrroli-

done, in particular exclusively of N-methylpyrrolidone or exclu-
25 sively of N-ethylpyrrolidone.

In addition to phenothiazine, the inhibitor solution to be added
according to the invention may also contain other polymerization
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, UsS-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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15 20 2 5 W 9 APR 2002 is from2 to 10, independently of one another,
-are each OO 0 -H -N-CO - (CHZ) g COOM- ., -0-C-R1* . -IGRL O O -
NHz , -NHCGR " -p-CI- ( Cgz) % COOM-. - COOM- . - SO~ M ~ -
PO~M. - 0- PO3~-M, - 0- SO~MT - OH - O0-t CHZ-CH2 - 0 q Hor -

O~~HCHy- Ogqg H, CH3 is a hydrngen |onRGr an alkali netal ion, is an

integer froml1l to 10, R1', R5'| |ndfpendently of one anot her, and
i ndependently 30 of R1, R2 Rﬁzan Bﬁ, aLeCLhe ane @moups as R1, R1~ S
Cl-C4-al kyl, -CHECH2, -C = CH, -CN O ?5 CC T Ng2 - M-, - OO0CH3 or
- COOC2H5, 1 is an organic radical whilch ﬁas at Ieast one primary,

secondary (eg. -NHR1) or tertiary Rfino gra®ip (eg. -NRLR2) or at |east one
ammoni um group 40 -~RlaR15Ri sxO ~ where 3c~ is F~, Cl~, Br, HS040, S04,
H2P04~, HPOg~ Or P04 and R14, R15 and R16 are organic radicals independent
of one anot wereeg. i ndependently of one anot her and independently of Ri,
are the sane groups as Rl), 45 R z~ independently of R11l, is one of the

sane groups S KA1 s anlll r6 Qe e G lo¥! i rfL¥X It str&ightddhain or
branched, unsubstituted or substituted alkyl
groups and

R3 and R4 are the same or different straight-chain or
15 branched, unsubstituted or substituted alkyl
groups or
R3CNCR4 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!, R2, R® 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;-C4 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
(CHz)n (CH2)n
or or or or
40 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-~
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ethyl or R11 and R12 together 10 R13 = -H~ Preferably, RL = R2 = RS =

Kyl - substituted Cl-C4-al kyl (eqg. hydroxyhydroxypropyl) or are the oxygen of
a car bonyl groupandO-CI—Bor-Cl—IZ-C-O-l\/I~ = R' = R

R6' -CH3. 1 of. t |cal dic I uj t abl o ord| to
the inventi d'}?igaé ?@Tpé’fyfv dine ban[de?ra?‘r%'f aG ;‘S'( ‘?’Ef'etS’I g ﬁ Pg

4- hydr oxy- 2, Fo-Prpa&ERs] - 2, 6- di met hyl - 1- oxyl pi peri d| ne,

4- car boxy-2, 2, 6, 6- tetranethyl 1- oxyl pi peri di ne, 20

4- car boxy- 2 'I@redNPbﬁjﬂMraZh@adts nft&aﬁ bk gxybaremarﬂ:d»mnehe corresponding

3- car boxy- @ secondak{t 4 RN T 86+ Bflple with hydrogen per-

3-car boxy2 f,%glgph§€¥% &}lh HEE% 4 Joeoéa\%ﬁ éé)las bﬂ?e substance.

4- acetyl pi-peri

N, N - bi s(1-oxyl -2, 2,6, 6- tetrarrethyl pi peridin-4-yl)-N, N -bis25

fornyl -1, 6- JWhenMnerek Hedisadsbl sfuita@ble- accomlimgt &pr hhetinMestpeni pqlugdey| )
adi pate. Theimppepaiailam piperidine- or pyrrolidine-N-oxyls and di-N-oxyls

3- car boxyird@,o% 2hé- t6116WRIghykndrOX WorpMiLa®! 1xlivee 1ks described, for exanple
in Romanel i, M, Otaviani, MF., 30 Martini, G, Kevan, L.,odPCH J: Phys.
Chem, EN, ~, 1 (1989%% 317-322. The conpounds (VI) and (\ﬂ»i’) can be

obt ai ned accordi t o] US- AR#6651B5 (‘8> ﬁfﬁ)l e 7) and DE-JA 19510184. 35
Further suitable t exanpl es are: 00 O P-00 ( Suneghdto, Junzo;

Aki yoshi , Kuzun&rl' Ki haraR N REndo, MBY GS ~ JA 8,
Bul |, Chel§ Soc 65 N (1992)_1041- 1046 4 l 0 0050/ 48466 O
N 5 N010NNRf5002’®"N~\~/Rf250N330 R? RS

o)
[ [ ] e
(1IT), (III), (IV),
0 o)
20 I I
R11 R12 o—c—f cB)— c—o
m
R RS
/NN Rl R5 Rl RS
R2 | R6 N N
25 0 R2 | 6 R2' l RS’
° o o
(v, . (VI), *
0 ° R7 RE
30 H <|l N ———Q CH ) N “ 7Z_§T
_—C— ) o
- c—H
Rl RS
N
Rl N R5 Rl' N Rs, Rz | R6
0
35 r? | R6 R2 | R6’ .
o)
° (VIII),
¢ (VII), * H
R13—C~—c—0®n®
40
Rl RS (IX),

R? R6

o0 —=

45



N O 35 ~N o) adh@s 45 9 Beilstein Registry Number 6926369 (Cl1H22M382ARR 2002
Beil stein Registry Nunber 6498805

-(4-am no- 2, 2, 6, 6-tetramet hyl - 1- oxyl pi peridine); Beilstein Registry Nunber
6B00244 (Cl1H23N2~2)i Beil stein Regi stiy Number 5730772

(N-net hyl -4-am no- 2, 2, 6, 6-tetranet hyl - 1- oxyl pi peridine; Beilstein Registry
Nunber 5507888e

(2, 2,6, 6-tetranet hyl -4-(2-am noet hyl am no) - 1- oxyl pi peridine); 2 9 APR 2002

5 10 15 20 5 30 35 40 00504346 D b No,, OON~N ~OONONONNNDO
10 Beil stein Registry Nunmber 4417950

4<bi s( 2- hyl )>- anmi no2. 2. 6, 6: hyl -1- oxylpi per i.di ne) :
bor [st ot o by S TP Riper | ilokpahde il e BRE Hho kel aRePelLA! N°)

0 0 0
o b

— H, — N— C— (CHz)q— CO0° M~ ,-0-C-R}’,-C~R!
10 o o

— NH;,-NE-C-R1’, — 0 — C— (CH;)q— c00® ¥® ,
15 —coo® x®, —s02M®, —pol u®,

20 @
— 0—pP03 M; , — 0—s02 M®, — on,

— O0—{CH,;—CH;— O-); H or

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

R’ ,R2’ ,R%’,R6’, independently of one another, and independently

30 of R, R2, RS and R6, are the same groups as R!,
R10 is €;-C4-alkyl, -CH=CH,, -C=CH, -CN,
0
35 _ﬂ_m{z, -cod® M®, -COOCH3 or =-COOC,Hs,
R1l is an organic radical which has at least one

primary, secondary (eg. -NHR!) or tertiary amino
group (eg. -NR!R2) or at least one ammonium group

40 -N®R14R15R16X®, where x° is F©, C1©, Br®, HSO.°,
S042°, H,P0,2, HPO,2© or P043® and R!4, RI5 and R16
are organic radicals independent of one another
(eg. independently of one another and indepen-
dently of R!, are the same groups as R!),

45

R12, independently of Rll, is one of the same groups

as Rl or -H, -OH, C;-Cs-alkyl, -co0PM®, -c=CH,



23 APR 2002

Beil stein Rggggywwl gnber 4139900
(4-am no- 2 t et ranet hyl - 4- car boxy- 1- oxyl pi peridine); Beilstein

-Regi stry Nunber 4137088

(4-am no- 4-cyano- 2, 2, 6, 6-tetranet hyl - 1-80xyl pi peridine); 2 9 APR 2CQZ 45
0050/ 48466 5 10 15 20 25 30 35\ / NO'NOON \ OONOOON OO400O
O 45 N O 11 Beil stein Registryo Nunber 3842714 (C12H25/202)i Beil stein

Regi stry Nunber 1468515

(2, 2,6, 6-tetranet hyl - 4- hydr oxye4dang} yl-t-oxyglpiqgy, i di-0e)~ oBeid,at ei n

Regi stry Nunber 1423410 (2 2,4, 6, 6-pent anet hyl - 4- hydr oxy- 1oxyl pi peri di ne);

Bei | st ei ngRegi stry Nunber qa%ﬁ —Cam _
v ranei% P Stléétﬁﬁp%ﬁ 4 ﬁé&?l $9-s PERROXY
ydroxypropy

(4- car boxynet hyl ene-2, 2, 6, 6
Regi stry Number 1395538 ethyl or

(4- <2-car boxy-benzoyl oxy>-2, 2, 6, 6t etranet hyl - 1- oxyl pi peridine); 2 9 APR
2002 Rl and R12 together are the oxygen of a carbonyl group and

10 l

R13 = —HB, —CBH; or —-—CHz—C—Oe @ .

Preferably, Rl = R2 = RS = R6 = Rl' = R2' = RS' = R6' = ~CH;.

15 Examples of typical N-oxyl radicals suitable according to the
invention are
4-hydroxy-2,2,6,6-tetramethyl-l-oxylpiperidine,
4-hydroxy-2,6~diphenyl-2, 6-dimethyl-1l-oxylpiperidine,
4-carboxy-2,2,6,6-tetramethyl-l-oxylpiperidine,

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

25 formyl-1,6-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:

40 O—P—0 : . ,
l Sunamoto, Junzo; Akiyoshi, Kuzunari,
Kihara, Tetsuji; Endo, Masayuki, BCS
~ JA 8, Bull, Chem. Soc. Jpn., EN, §£5,
4 (1992), 1041-1046;

45
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0050/ 48466 % 5,48443 20 25 30 35 40 0 ON OON \ 0 Beilstein Regis8r4PR 2002
Nunmber 3546 8 (4- car boxynet hyl -2, 2, 6, 6-t etranet hyl - 1- oxyl pi peri di ne);

-Bei |l stein Registry Number 3949026

(4-carboxyl -2, 2,6, 6-tetranet hyl -1-oxyl pi peridine); 2 9 APR 2002 00 /ON O

O-N NN OONONOBeil stein Regi stry“Nunber 4611003

(N-(1-oxy-2, 2,6, 6-tetr anet hyl pi peri di ne-4-yl ) et hyl enedi am net et raacet am de)

; Beil stein Regi str‘l’y Nunmber 5961636 (CL3H21N2~4) 45 0050/ 48466 13 5 10 15

N
5 Beilstein Registry Number 6926369
(C11H22N302) ;
/\I/N
o
10
N
Beilstein Registry Number 6498805
(4-amino-2,2,6,6-tetramethyl-l-oxyl-
N piperidine);
15
0]
®
0
Beilstein Registry Number 6800244
~ (C11H23N202) ;
N
25 (o)
[ J
N
30 Beilstein Registry Number 5730772
~ (N-methyl-4-amino-2,2,6,6-tetra-
N methyl-l-oxylpiperidine;
o)
35 ®
N/\/N
40 Beilstein Registry Number 5507538

(2,2,6,6-tetramethyl-4-(2-amino-
ethylamino)-l-oxylpiperidine);

b

45



20 25 30 35 gl qB N0 Beil stein Registry Number 5592232 (C15~27N2~43 9 APR 2002
OON ~ Beilstein ﬁéglstry Number 5080576 O
‘(N-(2,2,6,6-tetranet hyl - 1- oxyl pi peri di n-4-yl)succi nanide; N O O O N~/
Beilstein Re istr Nunmber 5051814 g Y
(4-(4-hydroxybutanoy|anino)-2,2,6,6tet}9nethyl-1-oxylpiperidine); N OON

Beil stein Reglistry Nunb 4677496 (2, 2,6, 6-tetranet hyl - 4-oxi m no- 1N

oxyl pi peridiney}y O 2 g’ R 2002 45 2 9 APR 2002 0050/48466 5 10 15 0 N O
ON 0OO020 N.Engg 0 N 30 O

N Beilstein Registry Number 4417950
5 (4<bis(2-hydroxyethyl)>-amino-
2,2,6,6=-tetramethyl-l-oxyl-
piperidine);

N
o)
10 ¢
o
\\L\ ~ . . .
15 N Beilstein Registry Number 4396625
:>i:%i:L:: (C12H25N202) ;
N
20 °
®
19

25 Beilstein Registry Number 4139900

(4-amino-2,2,6,6-tetra-
methyl-4-carboxy-l-oxylpiperidine);

5

30

N 4

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

35

e O—=Z

40

45



O 0 N 35 N ogs#0abdeBei | stein Registry Nunber 1451068 (~11AleNoz): 29 APR 2002
Beil stein Registry Nunber 1451 075 (Cl1H20N~2)~ Beil stein Registry Nunber
+1423698 (4-et hyl -4-hydroxy-2, 2,6, 6-tetranet hyl -1-oxyl pi peridine); Beilstein
Regi stry Nunber 5509793 (4-ethoxynethy];4-hydroxy-2,2,6,6
-tetranet hyl - 1- oxyl pi peridine); BeilsteTn Registry Nunmber 3960373

(Ci oH19N2~3): 45 ™S0050/48466 15 Np 5 NO 10 p 0 OO 15 N O Beil stein

Regi stry Nunber (ClOHL7N2p2): Beil stein Registry Nunber 39B5130
((2,2,6,6-tetra - 1- oxyl 4- pi peridylidene)succinic acid). 2 9 APR 2C02
According to the-huention, m xturBesileteanm Régisylryr Bamoed 3942708 20 cour se
al so be uged i ‘on to phenot(tgRisHe02)CQr gani ¢ ni troso conpounds

sui tabl e accordintNto~the invention are, for exanple, N nitrosoarylam nes
or nitroso conpoudds having a nitroso group bonded directly to a carbon
atom of an aromati@ 25 nucl eus. Exanpl es are nitrosophenols, such as
4-nitrosophenol, nétrosonaphthols, such as 2-nitroso-1-naphthol,

ni trosobenzene, N-nitroso-N nethylurea, nitroso-N, N-di al kyl anilines where
al kyl isgethyl, ethyl, propyl and/or butyl, N-nitrosodi phenyl an ne,

N- ni t r osophenyl napht hyl am ne, 4-nitrosodi napht hyl am ne and 30

p- ni t rosodi phen l-ne. According to the invention, m xtures of the
abovenenti oned nitfro®o conpounds ge co

an.o se also. b usq% %S sddition to
phenot hi azi ne. p nylenediarrine(e £ ngge%ﬂﬁf Fggﬂ@ﬁ#g; &%Phvention are

those 35 of th | formula X 4gyBers f 'aﬁi’: YAnQX¥si? H (X) RI6,
R17 and RE8, irdep¥ndently of one another, ach a.ibﬂ, 45 aryl, al karyl
or aral kyl of up tb 20 carbon atons or hydrogen.
o
®
20 0
Beilstein Registry Number 1423410
N (2,2,4,6,6-pentamethyl-4-hydroxy-1-
? oxylpiperidine);
25 °
[ ]
o
I Beilstein Registry Number 6205316
(4-carboxymethylene~2,2,6,6-tetra-
N methyl-l-oxylpiperidine);
35 °
®
o
40 ;;:: Zf
(o) o]
0 Beilstein Registry Number 1395538
(4-<2-carboxy-benzoyloxy>-2,2,6,6-
~ tetramethyl-l-oxylpiperidine);
45 N



0050/ 48466 3080884202 16 Conpounds X where R16, R17 and RIS, 29 APR 2002
i ndependently of one another, are each nethyl, ethyl, propyl, isopropyl,
-isobutyl, sec-butyl, n-butyl, pentyl, phenyl or naphthyl are particularly

sui tabi e. Exanpl es of suitable conpoun X are: N, N -bis-sec-butyl-p-pheny

5 | enedi am ne, N-phenyl-N -isopropyl ph€nyl enedi am ne,

N- napht hyl N - sec- fut yl - p- phenyl enedi am ne,

N, N, N -trimethyl - g- phenyl enedi am ne, N, N, N -triethyl -p-phenyl enedi am ne,

N, N—dlnethylp pl gnedi am ne, N, N-di et hyl - p- phenyl enedi ani ne,

N-phenyl N, N t hyl - p- phenyl endfiidsiasn Regiisdayl Nymbeny 35d|58f5ﬁ | 10

p- phenyl e N- phenyl - N, N (4ticgrB yymﬁﬁhﬂ%mﬁ Reh ebiitatitie,
N- phenyl - ﬁe <butyl - p- phenyﬂﬁﬁ@ﬂﬂa ﬂ%lelPerldlne)'

N- phenyl - N -di sec- butyl - p- phenyl enedi am ne,

N—phenyl- | - N - et hyl p- phenyl enedi am ne,

N- phenyl - met hyl - N - propyl - p- phenyl enedi am ne,

N- phenyl - N - et hyl - p- phenyl enedi ani ne, N—phenyl 15

- et hyl -y phenyl enedi am ne, N-phenyl -N -propyl - p- phenyl enedi am ne,
N—phenyI-N'-isopropyl-p-phenylenedianine,
N- phenyl N - but yl Henylenedianine

N- phenyl - N -i sobutyl - p- phenylenedl

N- phenyl -N -sec- | - p- phenyl ene 1n Reglstry Nzﬁgir 3949026

N-phenyl N -ter phenylene eigg Pentyl - p- pheny 20
| enedi amuse, N'-n hexyl - mknyﬁen %§¥&1Bhn8)

N—phenyIN' (1- nethblhexyl) p- phenylenedlanlne

N- phenyl -N - (1, 3-donet hyl butyl ) - p- phenyl enedi ani ne,
N—phenyI-N'-(1,4-d5nethy|pentyl)p-phenylenedianine and p-phenyl enedi am ne.
According to the invention, mxtures of p-phenyl enedi am nes nay al so be
used in 25 addition to phenothiazine. Particularly suitable m xtures of
this typetare the p-phenyl ened| m n Cgnxtu es recommended in WD 92/ 01665.

According to the invention, S dlfferent abovenen30 tinned

pol yneri zation inhibitors nay of ourse aIsoBgl %S% he addltw%n to
phenot hi azi ne. Phenot hi azi ne sol uti whi ch, refer?ed Qécopalng to the
i nvention are those/ whose tdtal conyent of p abi on |gﬂyéyr335 for
conprises at |east parﬂkculavfyyBrefera ¥ gf ’ég 23 lﬁ

parti cul &3 ye pr-efter ab % by V\Bé tazr e.

Particul arly advan eously, no her polyg@gﬁgﬁyag en |nh|b|tor apart

from phenot hi aziné Y's present in the_inhibitor solutlon to be added
according to the invention. 40 As a Pule, the content of phenot hi azi ne in
the inhibitor solutions to be used according to the invention is at | east
10, prefeﬂﬁbly at |east 20, particularly preferably at |east 30, % by

wei ght, based solution. Frequently, the phenothi azi ne 45 content
based on the solputiop is from35 to 45% by weight. As a rule, the
phenot hi azi ne cant based as above, of the solution 9 APR 2002

be ad®ed accordi mBeitlstelie RewistttiyoNumbét 55641636i scosity
reasons al one, be above 60% by(GwHEgM:04)According to the invention, a
sol ution £ fazine in 5 methyl pyrrolidone, whose phenot hi azi ne
content is advaiffag ously from35 to 50, or from40 to 50, % by weight,
based on the soHutlon is preferred. Frequently, the phenothi azi ne content
of the abovenentd oned solution is 45% by weight. 10 The novel process is
suitable for inmediately term nating any type of free radical

pol yneri zations, in particular those unintentional and/or runaway free
radi cal pgd ynerizations nentioned at the beginning of this publication. 15
These include in particular the unintentional free radical polynerizations
of those substances which conprise at least 95 or at |east 98 or at |east
99 or 100% by weight of (nmeth)acrylic nononers. Particularly suitable
(meth)acrylic nononers are (nmeth)acrylic acid and esters or (nmeth)acrylic
acid and nmono 20 hydric or polyhydric alcohols. This applies in particular
when t he 4onohydric or polyhydric al kanols are of one to twenty carbon
atons or one to twelve carbon atons or one to eight carbon atons. Typica
exanpl es of such esters are for exanple nmethyl acrylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate, tert-butyl 25 acrylate, 2-ethyl hexyl
acrylate, nethyl nethacrylate, ethyl nethacrylate, n-butyl nethacrylate and
tent-butyl nethacrylate. In a manner advantageous in terns of application,
t he phenot hi azi ne solution to be added according to the invention is intro
30 duced via a spray nozzle in order to achieve a very rapid honbgeneous
dlstrlbutlon in the systen1under90|ng free radlcal polynerlzatlon The

I L Y I - Ly S o o ' T Y I

0050/ 48466 17 t




0050/ 48466 p@sbyamaless Exanple 1 2 9 APR 2002 5 500 m of 2-ethyl hexd@ APR 2002
acrylate stabilized with 10 ppm by wei ght of MEHQ was introduced under
-nitrogen into a stirred vessel having an internal volume of 1 liter and
imersed in an oil bath heated to 100G The stirred vessel was connect ed
via a valve to a 50 nml storage vessel M%ICh contained 10 m of a 40%
strength by 10 wei ght solutlon of phenot hi azine in N nethyl pyrrolidone and
was under a gage pilessure of O5 par. A valve mounted between stirred
vessel and stor controlled by neans of a tenperature sensor
imrersed in the Stirred vessee‘g The control was adjusted so that, when 105C
was exceeged inthe stirred vessel 5 the valve autonatic pened t he
phenot hi a?? t on present miﬁéséf%bg ipdzyoPumber f%ﬁ@éag nto the
stirred vessgPgpa<at the sane tinEWBRENAREY ng was stopped. The val ve
control was triqgered 75 hours after the 2-ethyl hexyl acrylate had been

i ntroduced into;§he stirred vessel. The incipient polynerization 20 of the

2- et hyl hexyl acrylate was i nmedi ately stopped. The content of the stirred
vessel stjg | had a | ow viscosity and could be readily and conpletely
enptied. Conparison Exanple 25 The procedure was as in Exanple 1, except
that the storage vessel contained only 10 mM of N-nethyl pyrrolidone. The
val ve control was t0riggered 81 hours after the 2-ethyl hexyl acrylate had

been introduced ingo the irred vessel. Wthin 0.7 hour, the 2-ethyl 30

hexyl acrylate poty i zed to @ iRisghi i t& feg os¥gpl e 2 The

tabl e beladw shows the rest ts of 'ﬁMQ%tbgété aﬁg ﬁé Qlublllty of

phenot hi azi ne 'E;varlous §6Ivents!ﬁb sucQQ§ ﬂﬁgﬁ 2 9 aPR 2002
‘

19 Table 10 > 30 35 40 SoIventSqublllty(/b
wei ght ) N- Met.A ' -I|done>20N-EthyIpyrroI|done>ZOB|phenyl<20Tquene<20Xer
ne<20n- But yl acqtate<202 Et hyl hexyl acet at e<20D net hyl pht hal at e<20 45

20

25 Beilstein Registry Number 5051814

0
®
o)
)J\/\/o

N

(4-(4~hydroxybutanoylamino)-2,2,6,6-
tetramethyl-l-oxylpiperidine);
~

N

30 |

o)

L}

35 N
Beilstein Registry Number 4677496
(2,2,6,6-tetramethyl-4-oximino-1-

N oxylpiperidine);
0
[}

40

45



J 2 9 APR 29%03(‘1 cI aim 1. A process for inmmediately terntinati ggg fAPgeZUOZ
radi cal pol rlzatlons conprising the addition of a

-phenot hi azi ne-containing inhibitor solution to a system undergoing free

radi cal polynerization, wherein the so#xent of the inhibitor solution
conprises at |least 50%of its weight or®an N al kyl pyrrolidone. Z, A process
as cl ai ned in?cIaLﬂL;, wherein the N-al kyl pyrrolidone is

N- net hyl pyrro € ar N-ethyl pyrrolidone. 3. A process as clained in claim
1 or 2, whergifn tRe phenothiazine content of the inhibitor gq gblon IS at

| east 10% by, based on the %Ehlgﬁ 1p RS NIRSR 1al3PPon

process as cl ai d in any of cl ai n€138y 8? wherein the systen1under90|ng
free radi ¢al poégnerization conprises (meth)acrylic nononmers under goi ng

free radical pol ynmeri zation. 5. A process as clained in claim4,
wherein the (nmeth)acrylic nononer is (nmeth)acrylic acid. 6. A process as
claimed in claim4, wherein the (neth)acrylic nononer is a (neth)acrylic
ester. 7. Apparatus for inmediately term nating free radica

pol ymer i %thgs gont ai ni ng a phenot hi azi ne-contai ning inhibitor solution,
wherein the sotyent of the inhibitor solution conprises at |east 50%of its
wei ght of an Ryl pyrrolidone. SBeiAstenhiRedictryoNuhbemn 1AGA03Abni ng
phenot hi azi ne*and-| sol vent, wher ef1Bhd0sbt vent conprises at |east 50% of
its weight of ag N-al kyl pyrrolidone. 9. A solution as clainmed in claim8,
cont ai ni ng phen t hi azi ne and N-nethyl pyrrolidone.

A Asn. AgsA 2. AP A Al . As. Ap. Ay. A. A A AHy. AE. A" nE. A. A. A. A78ANOP&?@" 1{ vpke_Y
T] cal] cal] cay caﬂ cal] ca] ca] ca] cal] cal] cal] cal] cal] ca] caU] caU] cal] cal] cal] ca
] ca] ca] caU] ca] ca] cRa] ¢ a] ca] ca] cal] cal2] *kl w x
}wgke_YSke ca U] caU] caU] cal] cal] cal] cal] cal] caU] caU] caU] caU] cay] cal
cal] cal] cal] c ]caU] ca] ca] ca] ca] ca]caUjcaljcal]caG H P

Beilstein Registry Number 1423698

20 N (4-ethyl-4-hydroxy-2,2,6,6-tetra-
| methyl-l-oxylpiperidine);
o
®
25 —
o 0
:>Ef<fi;; Beilstein Registry Number 5509793
N (4-ethoxymethyl-4-hydroxy-2,2,6,6
| -tetramethyl-l-oxylpiperidine);
30 o)
®
0
o N
35 Beilstein Registry Number 3960373
(C10H19N203) ;
N
o]
[ ]
40

45



T _mo 29 APR 2002
" (W vgl gb\ ﬁﬁfc caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca

-U] ca] ca] ca] ca] ca] ca] cal] ca] ¢ aU] ca] cRaU] cal] ca

w#*, )| }Iwlf [UU U ca] cal] cal] caU] calgal] cal c

aU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] cd] caU] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca

]:%Z(El\/( 45Kab~ysnga] " }wr | U] ca] cal] cal] caU] cal] cal] ca] caU] cal] cal] cal] caU] cal]
ca] cal] cay caU]B%a_&JngH] craelé]i%%g],clq'_l‘ﬂbcea_lﬂ ca] ca<{.0]"qt{| EH

cal] ca] cal] c
cd5 8 N .

ca] ca] ca] ca] cSFeETEAY%4Y ca] ca] ca] ca] ca] ca] ca] caU] ca] ¢
a] ca] ca] ca] a] c caJca] ca] ca] caU} ca] cal
rrerrrne ####at. 3 $~$$$$$$83~xr | f * [ VQz] ca] ca] cal] caU] cal] caU] caU] cal] c
aU] cal] caU] cal] @aU] cal] cal] cal] cal] caU] cal] cal] cal] ca] cal] cal] cal] ca] cal] ca
U ca]c
a$Ps* % WBARE&e& &I &0&p&&&&5' 6 C D f'g " 4(}xsni d_Zca] ca] ca] ca] ca] ca]
ca] ca] cajygal caj ca])ca] caj 8a] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal]ca]c
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20 lenediamine, N-phenyl-N’'-n-hexyl-p-phenylenediamine, N-phenyl-
N’-(l-methylhexyl)-p-phenylenediamine, N-phenyl-N’-(1l,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 also 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
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1 0s! 10% &'@Lcogéiﬂéméﬁgﬂhk'iﬁ&EﬂéHS%%Mg@gbiﬁtion of phenothiazine in
5 methylpyrrolidone, whose phenothiazine content is advantageously
from 35 to 50, or from 40 to 50, % by weight, based on the solu-
tion, is preferred. Frequently, the phenothiazine content of the
abovementioned solution is 45% by weight.

10 The novel process is suitable for immediately terminating any
type of free radical polymerizations, in particular those unin-
tentional and/or runaway free radical polymerizations mentioned
at the beginning of this publication.

15 These include in particular the unintentional free radical poly-
merizations of those substances which comprise at least 95 or at
least 98 or at least 99 or 100% by weight of (meth)acrylic mono-
mers. Particularly suitable (meth)acrylic monomers are
(meth)acrylic acid and esters or (meth)acrylic acid and mono-

20 hydric or polyhydric alcohols. This applies in particular when
the monohydric or polyhydric alkanols are of one to twenty carbon
atoms or one to twelve carbon atoms or one to eight carbon atoms.
Typical examples of such esters are for example methyl acrylate,
ethyl acrylate, n-butyl acrylate, isobutyl acrylate, tert-~-butyl

25 acrylate, 2-ethylhexyl acrylate, methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate and tert-butyl methacrylate.

In a manner advantageous in terms of application, the phenothia-
zine solution to be added according to the invention is intro-

30 duced via a spray nozzle in order to achieve a very rapid homo-
geneous distribution in the system undergoing free radical poly-
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.

45



1gs! 10%90@ Qpsoflsek@YE ()- +<u<<<===_=oP1l!!%0 10%{& ()-: sO 10%I(APR 2002

.109%&' () -s-109&' ()-*10%& ()-!r0s$#10% m n&' ()- =========~\:! 11910%28& O -
10910%2& ()- 10%& ()- 10 10 10s@10%& ()-!sO
10%\IN& ()-: =======va3 \:119%810%2& () - i ©10%z& ()-!L10%z& ()-!L10%z& ()-
10% ) & ( " 10% PzP& () - Z=>>>>D>>} 1 TF10% & () -
10%&' O-a %35 17 /10%z& ()- M/ 10f%zk&' () M/ 10%s& () - M>>"222?22?22xmbCl |

109%7& ()- 10z 10z
10z2° Y( 10% &EfampPd 0D & () ' 109 & ()-y10% & () - ??2?2?2?2?2?dEnbC! | - 1090& ()- "' 10%
T& ()-!109F&" () - 100/(7&'

gO%T&'()- ’mg %;@%J Qe O‘A(E;ﬁ# Y@Fne) - ! 10
/(g‘%&'( %) Ilﬁg gi """ ] i&?gﬁd’og Llo‘)Aléi ‘ﬂAEAPAx mhC!

111 10%& () haypng mrl vgme%ne? ofodakier. And owaz-' m an oil b
"1090& () - PARALRKAL A IASAE ENTiE 'SftBrIGWE‘&KSPJJ 1793/02@1'(1')3@@@’?2&-'%)3 valve to a
10% & () - Y1B% ki (3torage vessel which contained 10 ml of a 40% strength by

110%& ()ronkddghe/sdiiiesOBD bildneehad€ind :.zM‘ﬂinQ pyrr@11688e (dnd was
i1 () eleg --59;@18@ G S P TaGtL SENRAd bel 604 SR -

11109 * & (

! PSF‘V@O%EI‘:’&SE r—‘% 98 Y555RA- BBRTTRAGIASE: PY HR7P81 652 1 BRIRETR

410%& () - (1'—9“7&8??’)5“16%‘&‘%? 1’6%#&9( sLiroRk Vepspboiie conyrgl) asy: /|

10z10%g&’ () atddegked )so-1dege ¥hen t1009¢gwes exteeged (in thergeifried vessel,

10zj CCpQCtheCralvéd lautomatically opened, the phenothiazine solution pre-

10z! DP@10%6E&t (1n &H@ @%93/& (Ves®@10%@& fdroe)¥8éo(4hd stirred vessel and
at the same time the heating was stopped. The valve control was
triggered 75 hours after the 2-ethylhexyl acrylate had been
introduced into the stirred vessel. The incipient polymerization

20 of the 2-ethylhexyl acrylate was immediately stopped. The content

of the stirred vessel still had a low viscosity and could be

readily and completely emptied.

Comparison Example
25
The procedure was as in Example 1, except that the storage 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.

Example 2

The table below shows the results of investigations into the
35 solubility of phenothiazine in various solvents at 25°C.

40
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A process as claimed in claim 4, wherein the (meth)acrylic

monomer is a (meth)acrylic ester.

7. 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.

8. An inhibitor solution containing phenothiazine and a
solvent, wherein the solvent comprises at least 50% of its

weight of an N-alkylpyrrolidone.

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



