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However, one ethylenically unsaturated group) is not counteracted.

Such anTeffective countermeasure is also required in particular in the case of
unintentionally initiated free radical polymerizations. Unintentionally initiated free
radical polymerizations may occur, for example, during the storage and/or
transport of substances containing monomers, ‘since both heat and light or
undesired free radicals can initiate the free radical polymerization of monomers. It
is true that an attempt is usually made to prevent such unintentional free radical
polymerizations by adding small amounts (as a rule up to 1000 ppm by weight) of
free radical polymerization inhibitors (free radical acceptors, polymerization
inhibitors) to the monomers. However, their inhibiting effect must not be too
pronounced since otherwise they would lbave to be separated off before subsequent
use of the monomers for free radical polymerization purposes. However, free
radical polymerization initiators can usually predominate over a moderately
inhibiting effect, as possessed, for example, by the monomethyl ether of
hydroquinone (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 unintentional free radical polymerization of said

monomers cannot be completely ruled out. The latter applies in particular when the
monomers are (meth)acrylic monomers and/or styrene, which particularly readily
undergo free radical polymerization.
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a presence of unstabilized regions of monomers and subsequent melting for a certain
duration,.which regions can with high probability be the starting point of an

20 unintentional free radical polymerization,

For safe transport and/or safe storage of monomer-containing substances, there is

- therefore a need for a process which is capable of very rapidly terminating an

unintentionally initiated free radical polymerization of the monomers. Such a

25 process is also required, however, for stopping runaway unintentional free radical
polymerizations immediately.

The processes known to date which envisage the addition of a known inhibitor
solution are very unreliable at low tempgratures owing to the crystallization of the
30  inhibitor solution.

It is an object of the present invention to provide a process for immediately
terminating free radial polymerizations which is also applicable at temperatures
below 0°C.
35

We have found that this object is achieved by a process for immediately
terminating free radical polymerizations, comprising the addition of an inhibitor
solution which contains phenothiazine and at least 50% (w/w) N-alkylpyrrolidone
to a system undergoing free radical polymerization.
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term nating an uni ntentlona ree radical p ri zation of acrylic acid,
i nhibitor solutions based on N-al kylpyrrolidone are as a rule, on the one

- hand, niscible bebpared twithathéaectsimmentiatioh bf R ADNEO1IRIS 60,6295 @ng.) ton t he
ot her hand al'so add an aqueous Cu(Il) salt solution for immediately terminating an
unintentional free radical polymerization of acrylic acid, inhibitor solutions
based on N-alkylpyrrolidone are as a rule, on the one hand, miscible both
with aqueous and with nonaqueous systems and, on the other hand, also
subsequently readily separable from such systems;
20 B -

- Process Saf. Prog. 12(2) (1993), 111-114 recommends, for immediately
terminating an unintentional free radical polymerization of acrylic acid,
adding thereto an inhibitor solution based on phenothiazine, but this prior art
contains no indication that the phenothiazine is to be added in solution in a

25 solvent comprising mainly N-alkylpyrrolidone.

—  PCT/EP98/06814 of October 27, 1998 describes a process for immediately

terminating free radical polymerizations, comprising the addition of an

inhibitor solution which contains,phenothiazine and at least 50% (w/w)

30 N-alkylpyrrolidone to a system undergoing free radical polymerization.

However, the resulting inhibitor solution crystallizes close to 0°C. It is not

mentioned that the addition of p-methoxyphenol (MEHQ) to the inhibitor

solution would be advantageous. By adding MEHQ) to the inhibitor solution,

however, the crystallization point of the inhibitor solution is dramatically

35 lowered so that the inhibitor solution can now also be reliably used at
temperatures below 0°C. |
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solution with a change of outdoor temperature.

20 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 appropriate for the required immediate termination.

N-alkylpyrrolidones preferred’ according to the invention are those with alkyl
25 groups of 1 to 8 carbon atoms. Particularly preferred among these are the

N-alkylpyrrolidones whose alkyl group is of 1 to 6 carbon atoms. Very particularly

preferred N-alkylpyrrolidones are N-methylpyrrolidone and N-ethylpyrrolidone.

In addition to N-alkylpymrolidones, the phenothiazine solution to be added

30 according to the invention may also contain other solvents. Suitable 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 whose alkyl groups are
preferably of 1 to 8 carbon atoms are furthermore suitable as such other solvents.

35  Particularly advantageous alkyl groups are methyl, ethyl and n-butyl. N,N-
dialkylcarboxamides of C,~Cs—alkanecarboxylic acids are also particularly
advantageous. N,N-dialkylcarboxamides particularly advantageous according to
the invention are N,N—dimethylformamide and N,N—dimethylacetamide.
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Such suitable, stable N—oxyl radicals derived from a second amine are, for
example, those of the general formula I

25
Rl R6

| |

R2— c— N—(C— R% (1),

[

rR3 0O JRi
where
36 R R%LR’and R® are the same or different straight-chain or branched,
unsubstituted or substituted alkyl groups and
R}and R* are the same or different straight-chain or branched,

unsubstituted or substituted alkyl groups or

35




excl usively of N-nethyl pyrrolidone or exclusively of N-ethylpyrrolidone. In
addition to phenothiazine and MEHQ the inhibitor solution to be adggdq ]
according to the invention nay al so contain other polynerization in Q %ﬂg
10 Exanpl es of these are hydroqui none, 6éli phenyl am ne, p-phenyl enedi am nes,
nitroxyl radicals (conmpounds which have at |east one >N-O - group),

conpounds | ave a nitgo p
hydr oxyl am ﬁggﬂ?“l{?t r oxyl raE cgf:gﬁl?ﬁ?ust%d &e u@gt?(é%‘d ?fl tr%oxyl radi cal s)

which are particularly is suitable according to the invention are those

g?f l:\z;(ragol;lr g.![a omsp% ?ﬁ@@ﬂ@h&hﬁiﬁ% %faﬁg safadle %E%fgr R 4 t?@ﬁﬂeﬁﬁ%eqﬂo%l ng

S are rom corres

secondary amhich greougsted pParER-Aul3r38p, sihet anpe @@bﬁ@lont HiseA AP0 1888 N- oxyl

radi cal s V"“'Lfﬁ“ AN S50 BL edigp Eﬁlfo&%mm%mworDE%&%INS@W:OHCRE A
19651307, US-A 5’322 912 4.581, 4 Eo DE- A 1618141,

CN-A 105284R QEBA 4 Usré ‘15110 135 s&8543@22§3§ af%éheprﬂﬂérf aP& eAtoaaDEon DE- A
19602539, ER fosf658%6 and JP- A 5/320217. Such suitable, stable N oxyl
radi cals derived froma second am ne are, for exanple, those of the
general formulal 25 RF R RR- C- N- C- RS 1 1 | R0J Kd V\/nere 30 R,
R2, R5 and Bxampiesiofiehesaare the stabhlé Nepeyitradicalaioftite-gehediahfoomulbarlavtee B,

it er en ”ts?*?a.ﬁ‘ iRt R (P e b2 RO TR ARG ok 8 i e?f@’? alkyl"
groups or 35—@%2&@0@1%@@44 isobusy} emtarbbutyk d!m}dr or bransbed tnenedl, cylic
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tert-butyl, linear or branched pentyl or a substituted group thereof or, together with
15 CNC, are the cyclic structure

CH
(CHIY . { 2)n
< > or

where n is an integer from 1 to 10 (frequently from 1 to 6), including substituted

20 cyclic structures of this type. Typical examples are 2,2,6,6-tetramethyl-1-
oxylpiperidine, 2,2,5,5-tetramethyl-l1-oxylpyrrolidine and 4-o0x0-2,2,6,6—
tetramethyl-1—oxylpiperidine.

. The N-oxyl radicals I can be prepared from the corresponding secondary amines
25 by oxidation, for example with hydrogen peroxide. As a rule, they can be prepared
as pure substance. U
The N-oxyl radicals I suitable according to the invention include in particular
piperidine— or pyrrolidineN-oxyls and di-N-oxyls of the following general

30 formulae II to IX:



Conpounds | which are particularly suitable according to the invention are
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0
where v
5 m is from 2 to 10,

R, R¥and Rg, independently of one another, are each
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M* is a hydrogen ion or an alkali metal ion,
5 q is an integer from 1 to 10,
R",Rz’,Rs’,Rﬁ’, independently of one another, and independently of R!, R%

R’ and R, are the same groups as R',

0
I
1w R is C,—Cs—alkyl, -CH=CH,, -C=CH, -CN, — C— NHz2, _
CO0”M?, -COOCH; or -COOC,Hs,
R" is an organic radical which has at least one primary,

secondary (eg. -NHR'") or tertiary amino group (eg. —

15 ' NR'R?) or at least one ammonium group NYRMRPR'X®,
where X° is F~,CI°, Br”, HSOs, SO, H,PO4, HPO? or
PO, and R" R'® and R'® are organic radicals independent
of one another (eg. independently of one another and
independently of R!, are the same groups as RY),

20 '

R'% independently of R', is one of the same groups as R" or —

H, —-OH, C—Cq—alkyl, -COO®M?, -C=CH,

[ i l

— (¢ —NHz, — C—0— CH3, —C— 0O— C3Hs




0011 1 11 --- H - N-- G- (CH3)g- COOl9 Mr). -0-CGR', -CGR' 00 11
|

I --- NH2 , NH- C- Rfl - O--- C-- (CH) q ~- CG)8M~---CC§)$ 2003
30 0 Mr), POM 20 O -0 --- PO3 142 - 0 - so a Mr) . 0-1CH2-CHZ- -
Hoiler - 0-fCH-CH2- O--H, CHBM' 9 g R',R" RS ,R6', V--- OH is a
hydrogen ion or an alkali netal ion, 1is an integer froml to 10,
I ndependently of one anot her d y ~Of , are
the sane groups as R1, 0 11 (101?5@?@‘3” e%%_;’:&@% @}éﬁééﬁ?” ﬁg'éfg
C- N2 - CO0O"'M', -COOCH3 lpdrexepigtor 15 R |s an organi c radi cal WhICh
has at | east one primary, secondary (eg. -NHR ) or tertiary am no group
(eg. -- )

R'' and R™ together are the oxygen of a carbonyl group and

5
o]
RP= H, —CHaor_CH’_C_Oe M .

10

15

20

25

30

Preferably, R' =R*=R’=R°=R' =R¥ =R* =R® =—CH,.

Examples of typical N—oxyl radicals suitable according to the invention are
4-hydroxy-2,2,6,6-tetramethyl-1—oxylpiperidine,
4-hydroxy—2,6—diphenyl-2,6—dimethyl-1—oxylpiperidine,
4—carboxy-2,2,6,6—tetramethyl-1—oxylpiperidine,
4—carboxy—2,6—diphenyl-2,6—dimethyl-1—oxylpiperidine,
3—carboxy-2,2,5,5—tetramethyl-1-oxylpyrrolidine,
3—carboxy-2,5~diphenyl-2,5—dimethyl-1-oxylpyrrolidine,

4—acetyl-2,2 6,6-tetramethyl-1-oxylpiperidine,

- N,N’-bis(1-oxyl-2,2,6,6-tetramethylpiperidin—4—yl)}-N,N’~bisformyl~1,6-

diaminohexane and
bis(1-oxyl-2,2,6,6—tetramethylpiperidin—4—yl) adipate.

The preparation of 3-carboxy-2,2,5,5-tetramethyl-1-oxyl-pyrrolidine is
described, for example in Romanelli, M., Ottaviani, M.F., Martini, G., Kevan, L.,

JPCH J: Phys. Chem., EN, 93, 1 (1989), 317-322.

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

Further suitable typical examples are:

|T Sunamoto, Junzo; Akiyoshi, Kuzunari,

0— pmmg° Kihara, Tetsuji; Endo, Masayuki, BCS
[ ® JA 8, Bull, Chem. Soc. Jpn,, EN, 65, 4
o® 2Na

(1992), 1041-1046;

¢« O



NR R2) or at | east one ammoni um group -NR 14R15R16X , where k--' is F'
t r, Br', HSO4, SO42, H2P04, HP042 or P043 and R14, R15 and R16 aramcrzm}a
organi ¢ radicals independent of one another (eg. independently of one
another and independently of RI, are tjyjp same groups as Rl), 20 R12'

i ndependently of RI1, is one of the sanme gr oups as RI 1 or - H,

Cl-C4-al kyl, -COO"W, -CCH 000 -CNHZ, ----

270CT2003 9 or hyd&bxyl substituted G - elléteRyIR??éﬁrY hy e@ﬁ?lﬁ?%r
hydroxypropyl) or R' and R12 together arC0xX%8en of a carbonyl group
and5R13 0o ! -H, -CH3 or - CH2 - CO Preferably, R = R2 = R5 =
R R =R =R = - CH3. Lo Exanples of typical N oxyl radicals
sui t abl e accordi ngato the invention are 4- hydr oxy- 2, 2, 6, 6-tetranet hyl -1 -
oxyl pi peri di ne, 4-hydroxy 2, 6--di phenyl - 2,6-dinethyl-l-oxylpiperidine,

4- car boxy- - 2, -tetranmethyl - | -oxyl pi peridine, 4-carboxy

2, 6-di phenyl - 2, 6“ di met hyl -1 - oxyl pi peri dine, is 3-carboxy

2,2,5 5--tet ranetJhyI -1 -oxyl pyrrolidine,

3-carboxy- 2, 5-di phenyl -2, 5-imethyl - | - opdigiin Régibtéy N@mber 6498805 (4—
4-acetyl 2, 2, 6, 6-fetranet hyl - 1- oxyl pi peri di n 6—2266—tetrameﬂ1yl—l—oxyl—

piperidine);

~0 Beilstein Registry Number 6800244
(CrH3N>0,);

>©<
|
o :
-~ | Beilstein Registry Number 5730772 (N-
= methyl-4-amino-2,2,6,6-tetra-methyl-1-
oxylpipendine
I
o
>5<\/

N Beilstein Registry Number 5507538
(2,2,6,6—tetramethyl—<4—(2—
aminoethylamino}-1-oxylpiperidine);

vy
Beilstein Registry Number 4417950

(4<bis(2-hydroxyethyl)>—amino—

|
o
N - -
>8j< 2,2,6,6-tetramethyl-1-oxyl-piperidine);
N
|
o



N, N bis(1-oxyl-2,2,6,6-tetrarnethyl piperidin-4-y1)-N N -bisfornyl-1,6-

di am nohexane and 20 bis(1-oxyl-2,2,6,6-tetramethyl piperidin--4-yl) 27007200
adi pate. The preparation of

3-carboxy-2,2,5,5-tetranet hyl -1-oxyl -pyr¥iolidine is described, for exanple
in Romanelli, M, OQtaviani, MF., Martini, G, Kevan, L., JPCH J: Phys.
Chem, EN, 930l (1989), 317--322. 25 The n 1) sand, (VI be
obt ai ned accor%zg to US-A 4665185 (eg. Ex%gﬁn% g ;{?egg%y ﬁ”ﬂb%Qﬁéég i
Further suitabl fcal exanples are: 30(0;BusMafdeo0, Junzo; Akiyoshi,
Kuzunari, Kihara,}j Tetsuji; Endo, Msayuki, BCS JA 8, Bull, Chem Soc.
Jpn., EN, 65, 4 92), 1041-1046; 270CT2003 10 O Beil stein Registry
Nunber 6926369 b H22N302); Beil stein Registry Nunmber 6498805 (4-

am no- 2, 2, 6, 6- +€t hyl -1 - oxyl- piperidine); O Beilstein Registry
Nunber 6800244 (Gl i H23N202); O Beilstein Registry Number 5730772 (N

net hyl -4-am no-2, 256, 6-tetra-net hyl -1 -

Beilstein Registry Number 4139900 (4-
amino-2,2,6,6-tetramethyl-4-carboxy-1-

2
e O— 2
9
=0Q
O

oxylpiperidine
N . - - -

. Y Bel.lstem Registry Number 4137088 (4—
amino—4—-cyano-2,2,6,6-tetramethyl-1—
oxylpiperidine);

N
|
0
>N/ Beilstein Registry Number 3942714

(C12H25N20,);

Beilstein Registry Number 1468515
(2,2,6,6-tetramethyl—4-hydroxy—4—
acetyl-1-oxylpiperidine);

Beilstein Registry Number 1423410
(2,2,4,6,6—pentamethyl-4-hydroxy—1-
oxylpiperidine);

Q
s O s O s O -
0 o



oxyl pi peri dine Beilstein Registry Nunber 5507538
(2,2,6,6-tetranet hyl -4--(2- am noet hyl am no)-1 -oxyl piperidine); O \%7[][:”003
Bei |l stein Registry Number 4417950 (4<bi s(2 bydroxyethyl)>-am no-

2,2,6,6-tetramethyl- | --oxyl-piperidine); 2 7 0 CT 2003 0 - N 11

Bei |l stein Registry Nunmber 4396625 (C12H25N202) Bei | st ei n Registry Nunber
4139900 (4- am no-@, 2, 6, 6-tetranet hyl - box per| di ne

Beil stein Registr Nunber 4137088 (4- a éf"&ﬁ&?’% 12D 3 168t hy| -

Bei | stein Registry Nudsmaf,x k202 Q@J{QMQIT

unmber 1468515 (2,2, etr hyl - 4- hydroxy- 4-
acetyl -1 -oxylp i dine); Beilstein Regi STHY gt ‘N?ﬁ?%g’?e 1423410

yl - 4- hydroxy-1-- oxyl pi peridine); 270CT2003

I
o)
0 Beilstein Registry Number 1395538 (4
5 : o <2—carboxy-benzoyloxy>-2,2,6,6—
0
>¢<
I .
o
.O

tetramethyl-1—oxylpiperidine);

Beilstein Registry Number 3546230 (4
o carboxymethyl-2,2,6,6—tetramethyl—1—
oxylpiperidine);
N

0 J—
0 Beilstein Registry Number 3949026 (4—
carboxyl-2,2,6,6—-tetramethyl-1—
" oxylpiperidine);
|
o

(1-oxy-2,2,6,6-tetramethylpiperidine-4-

QT ~ Beilstein Registry Number 4611003 (N-
N _ Yl)-ethylenediaminetetra-acetamide);



000491 0 12 Beilstein Registry Nunber 6205316 (4- carboxynet hyl ene
2,2,6,6etramethyl - 1-oxyl piperidine); Beilstein Registry Nunber 139%588¢( %)
<2- car boxy- benzoyl oxy>-2, 2, 6, 6- tetramethyl -1-oxyl pi peridine); Beilsteln
Regi stry Number 3546230 (4- carboxynethyl-2,2,6,6-tetranmethyl -1 -

oxyl pi peridine); Beilstein Registry Nunber 3949026 (4-

car boxyl - 2, 2, g;.6-tgtranet hyl -1 - oxyl pi per.j di,nek; Beilstein Registry Nunber
4611003 (N (1-0Xy-2)2, 6, 6-t et r amet hyl pi Eé?lﬁﬁﬂhe- geistry Number 5961636

yl ) -ethyl enedi amg ra-acetamde); 2 {CQH;N,@Q03 13 Beilstein Registry

Nunmber 5961636 |(C13HPLN204) Beil stein Registry Nunber 5592232
(C15H27N204) ; ] stein Registry Nunber 5080576 (N-(2,2,6,6-tetranethyl- |
N
l
0
) 0

. /L o) Beilstein Registry Number 5592232

N W (CisH27N204);

| 0
S

|

o

0 o Beilstein Registry Number 5080576

: NM (N—2,2,6,6—tetramethyl-1-oxyl-
>¢< BN piperidin-4-yl)succinamide;

Beilstein Registry Number 5051814 (4—
(4-hydroxybutanoylamino)-2,2,6,6—

0
| /"\/\/ °
. N
>©< tetramethyl-1—oxylpiperidine};
l
0

W ° Beilstein Registry Number 4677496
v
(2,2,6,6—tetramethyl-4—oximino—1—
oxylpiperidine);
N
|
0.

— Beilstein Registry Number 1451068
ii (Ci;HisNOy);
N
I
o



pi peridi n-4-yl)succi nam de; Beilstein Registry Nunber 5051814 (4-

(4- hydr oxybut anoyl am no) - 2, 2, 6, 6- tetranethyl - 1- oxyl pi peridi ne); Beiz ﬂlgi[ 2003
Regi stry Nunber 4677496 1 (2,2,6,6-tetramethyl -4-oxi m no-1-

oxyl pi peridine); Beilstein Registry Nunjger 1451068 (Cl1HI5NQ2); 270CT2003
O1 O 14 Beilstein Registry Nunmber 1451075 (C i i H20NO2); Beilstein

Regi stry Nunber 1423698 (4- ethyl-4-hydroxy-2, 2,6, 6-tetranethy] -

1- oxyl pi peri dige) ;)] Bei l stein Registry Nu?ﬁ?é’?te%ogq%g{ﬁ-rq“m er f451075

et hoxyr net hyl - hydroxy-2,2,6,6 - tetrgopHNOM; oxyl pi peri di ne) ;

Bei |l stein Regd nmber 3960373 (G oH 9N203); Beil stein Registry Nunber
stein Registry Nunber 3985130((2,2,6,6-tetranethyl--1-

Beilstein Registry Number 1423698 (4—
cthyl—4—hydroxy—-2,2,6,6—tetramethyl—
1-oxylpiperidine);

-~ Beilstein Registry Number 5509793 (4-

{
8]
O
Ly
1
o
Y o
iﬁ; ethoxymethyl4-hydroxy-2,2,6,6  ~
N tetramethyl-1—-oxylpipenidine);
o
8]
0
3{
N

. Beilstein Registry Number 3960373
N (C1oH19N203);

Beilstein Registry Number
(C1oH17N202);

>E§<

|

0

0 o Beilstein Registry Number
~ 3985130((2,2,6,6tetramethyl-1-oxyl-
° © 4piperidylidene)succinic acid).
N
l | ,
o

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



4- - pi peridylidene)succinic acid). According to the invention, mxt ures of
an N-oxyl radical can of course also be wused in addition to phenot t’lipgtpma
270CT203 15 Organic nitroso conpounds suitable according to the invention
are, for exanple, N-nitrosoarylam nes g nitroso conpounds having a
nitroso group bonded directly to a carbon atomof an aromatic nucl eus.
Exanpl es are nitrospphenols, such, 4- nitrosophenol .. nitrgsonaphthols,
such as 2-ni {rgaie I“l‘ﬁ’éﬁﬁf’ﬂlﬂ",m%i ﬁ"\“gélﬁ%ﬁ‘féﬁ’& t"I\]P‘S inyenliga Gielsd-%-’rn%ﬂal‘i‘}ﬂ]ﬁr ea,
B itr Ios 0- - N, NNdin afddsyt@mﬂ' Iih &S nifiesoecotlpeyhds Isaviv imirt]r,oﬁﬁlgmlp,bon&é@m'éct]@nd/ or
utyl, N-nitrosodiphe api ne, N-.nitrosophenyl napht amne, 4-

it 7 05 odi napHL RSTEER AR, AR Somiiif sbbRRR BAGmEIAS dEe nbeamsnl: Hishend-
i nvention, mnitrdsoplesol)hittdsenaphthodsysmthi asiPeditroiso+ lonapltholp oitmosksbeazanepN—cour se
al so be used_j [ L 0 Hp 'a%hgg £ - | i ne ui tabl e
accordi ng§t o"l#gc}_ﬁ%&el%#l?@ﬁéaérq %%Of_é’@"o haemltg']]geﬁ_g‘? g%}gwggﬁ%eq@lﬁg’y ) R17
15 wher e H Rp®pyRafd/anbutRh gN-nindssdinhdnylamineo N-oieosephenilsaphthylamawc 4-al kyl ,
aryl, al karyliydibdifh Lnffe B § Qitdddodi B&ﬁ)}'mﬂi%@.”ﬁ iR b A8Es
Compounds X \wqere Rl@ﬂl%ﬂ gnd_F&& N ndgpe dently Sgroné anot Eievreﬁg%?’e each -
met hyl, et hyixigressfithe aoysmeptjoned; nieser spmpoyads gam 9ff couseralio be usedriny | |
phenyl or nagditibyto sHegothddzidecul arly sui tabl e. Exanpl es of suitable
conmpounds X are: N, N - bis-sec-butyl--p-phenyl enedi am ne,
N-phenyl !N - i sopr opyl phenyl enedi am ne, N

p—Phenylenediamines suitable according to the invention are those of the general

formula X
R16 R18
~ ~ X
/N’@— " )
R17 H
15
where
R"’, R'” and Rls, independently of one another, are each alkyl, aryl, alkaryl

or aralkyl of up to 20 carbon atoms or hydrogen.
20
Compounds X where R', R' and R'®, independently of one another, are each
methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, n-butyl, pentyl, phenyl or
naphthyl are particularly suitable. Examples of suitable compounds X are: N,N’-
bis—sec-butyl-p-phenylenediamine, N-phenyl-N’—isopropylphenylenediamine, N—
25 naphthyl-N’—sec—butyl-p—phenylenediamine, N,N,N’—trimethyl-p-phenylene-
diamine, N,N,N’—triethyl-p-phenylenediamine, = N,N-dimethyl-p—phenylene-
diamine,  N,N—diethyl-p-phenylenediamine, = N-phenyl-N’ ,N’—dimethyl-p—
phenylenediamine, N-phenyl-N’,N’—diethyl-p-phenylenediamine, N-phenyl-
N’ ,N’—dipropyl-p-phenylenediamine, N-phenyl-N’,N’—di—n—butyl-p-phenylene-
30 diamine, N-phenyl-N’,N’—di-sec-butyl-p-phenylenediamine, ~N-phenyl-N’—
methyl-N"—ethyl-p-phenylenediamine, N—phenyl-N’—methyl-N’—propyl-
p-phenylenediamine, N—phenyl-N’-methyl-p-phenylenediamine, N—phenyl-N’—
ethyl-p-phenylenediamine, N-phenyl-N’—propyl-p—phenylenediamine, N—phenyl-
N’-isopropyl-p—phenylenediamine, N—phenyl-N’—butyl-p-phenylenediamine, N—
35 phenyl-N’-isobutyl-p-phenylenediamine, N-phenyl-N’—sec—butyl-

p-pbenylenediamine, N-phenyl-N’—tert-butyl-p-phenylenediamine, N-phenyl-




25 napht hyl - N -sec butyl - p- phenyl enedi ami ne, N, N, N trinethyl p-phenyl ene-

di amine, N, N, N -net hyl - p- phenyl enedi ami ne, N, N- di net hyl - p- phenyl eng&-7 0CT 2003

di am ne, NN-di et hyl - p- phenyl enedi am ne, N-phenyl-N , N --di net hyl - p-

phenyl enedi am ne, N-phenyl-N , N -diethyl 1¢-phenyl enedi am ne, N-phenyl -

N, N -di propyl - p- phenyl enedi am ne, Nphenyl N, N -di-nbutyl-p-phenylene 30

di am ne, Nph yl enedi am ne, N phenyl -N -

met hyl - N - et I~ rbmwﬁny %ﬁF%F??f eszﬁ@rPanwNn@rhWJw plp%fﬁppdlamme

p- phenyl enedlIanpmw—whﬁnﬂeﬂmmsr?l}ty-bh@rym;@ﬂﬁhﬂﬁ@dl ar ni Rephdiyirhenyy

et hyl - p- phenyl.en e propyl ened| amn henyl -
- sopropyl BWW@E‘&% Bl?ﬁ"gg: ‘K‘?‘BHFnyI LPf}@ Yip? pﬁéﬁy‘fj %H‘?ﬂtﬂg‘ Nis

pheﬂY' | - th}phgdqumeﬁiaemd Eﬂlﬂdl;&phﬂ@éed&dphﬁﬁql Mc?ﬂ dblut \the mvenﬁlon L s o

p- phenyl enedi ut enedi a eny '

7 OCT 2903 16TRpIIES °§R9§)Te"9%i°“ BrREHS i e Bﬁﬁ%‘ %Ag‘“f\?“ & plenohihE

n- hexyl - p- phefartielany awiable mlel’f@rgﬂ thN' typ&rmd: iyl hephehylepediiming | rixedeani ne,

Nphenyl N (lregom]glbﬂﬁgdhﬂl\bgt%ydl-ﬁps phenyl enedi ami ne,
N phenyl -N --(1, 4--di net hyl penty - p-phenyl enedi am ne and

p- phenyl enedi am ne. According to the I nvention, 5 m xtures of

p- phenyl enedlmOﬁﬁﬁ rr&y ﬂlcSOmb&ltHﬁlednhﬁ‘tu?éid'Gﬂ 0&11%;&%?&1?“913 fioned
Partlcularlys ita ﬁ res of IS t e are the hen ene IL.am ne

m xt ur es t‘%f‘ﬁ‘i’ 5’0“95\6 ot?erf&e‘t‘lén ﬁ% P%%H‘PQD@H“W% ur es
of all di ffermﬂtMEHQIerrent ioned to 'polynmerization inhibitors may of
course al so be used in addition to phenothiazine and MEHQ Phenothi azi ne
solutions which are preferred according to the invention are those whose
total cont entPhsnothiszinessolutions ovhi¢nafietpreforred anpurdimg o ahe irm@atiorbre those

articul arl ¢ Vaiftiza |.an at
Feast 90, 0/3/ bwy}%ﬁge;;??é%?érxgﬁgﬂ{)t i azt?oﬁ:emﬁggt)rb{ P%‘P ya%é vas)@ Z‘Iag‘o%‘sglﬂﬁ& no

further pBlyme ghleastni bi vesy pagicylarl Yfprsfﬁrtphhérﬁbtl«tﬁsh?pn&@ ayn vaiEMQf s
present in thhehsthialineo Pagichlatly OsivaftaBédusly, no further polymerization inhibitor

apart from phenothiazine and MEHQ is present in the inhibitor solution to be
added according to the invention. MEHQ scarcely acts as an inhibitor in the
inhibitor solution.

20 , -
As a rule, the content of phenothiazine in the inhibitor solutions to be used
according to the invention is at least 10, preferably at least 20, particularly
preferably at least 30, % (w/w), based on the solution.

25 According to the invention, a solution of phenothiazine in methylpyrrolidone,
whose phenothiazine content is advantageously from 35 to 45%, based on the
solution, is preferred. Frequently, the phenothiazine content of the abovementioned

~ solution is 35% (w/w).
S

30 The content of the crystallization-inhibiting MEHQ in the inhibitor solution is
preferably from 2.5 to 12.5% (w/w), in particular from 5 to 10% (w/w), based on
the weight of the inhibitor solution.

In particularly preferred embodiments of the invention, the inhibitor solution

35 comprises 35% of phenothiazine, 5% of MEHQ and 60% of N-methylpyrrolidone
or 30% of phenothiazine, 10% of MEHQ and 60% of N-methylpyrrolidone (in
each case w/w),




added according to the invention. MEHQ scarcely acts as an inhibitor in the
i nhibitor solution. 20 As a rule, the content of phenothiazine in thg?7 0T 2003
i nhibitor solutions to be used according to the invention is at |east 10,
preferably at |east 20, particularly preferably at |least 30, % (wWw,

based on the solution. 25 According to the invention, a solution of

henot hi azi ' t ' 1 henat hi azi tent,.i
Bt e L AT 4 0 mn P8 BB B 5 SEPRF Bl
Frequent | y, pdljmenpiations byarbalew d301 mnpartéuldrithosshmintemindriab amdlor mmbwhy on i s
35% (W w) . 'Qlepcﬁ : MK ' i-nhibiti.-ng MEHQ in th
I nhi E)i t\(,)\? s%?%gfl;(gn | s%%‘?%?‘gﬁggﬁgg?‘%%fg@ e@%?o&’%u ? \?}J \%c,ahlgﬁ. parH'?i l:lrjll ar ©

from5 to 10% (W w), based on the weight of the inhibitor solution. In

parti cul ar | yndae ef@hdesisl ﬁ?@&ﬂ&%@hﬁn@yﬁb@ﬁ &é&é@@%ﬂ@%@@%ﬂé BF #rR3ke SOl ution

35 conprises_35% of phenot hiazine, 5%0

N- et hyl pyriigp VYLD ZOTPEEE B t 8% eheasl| gvpp E %%

JubFtRpRSS MY ER hisash W 8z ahleasti Ppopt HPUE 160% b
N-met hyl pyrweakhdenandthyacryie Ghommsds. Waicul & O BBR3(reth)hbig1ib W SonRirPCess s
suitable for 1| mt@ly%rmdnatlng an(ﬁ_ﬁ}lége of fr(ﬁe radi cal . .
pol yneri zat¥on BRYBE] T 0B EHeBaPt | crybi a6, #nd ¢ menelydsic ahd/ or
rugiaway f rpdyhnaldic addohpls| Yhis rapglidsi in partivetat ivmeﬁdma:mhdﬂqdhegk:pa%ymgdm Ejhi sI
publicatio | ' ti r the.unintentiona ree.radi ca
pol ymer ?Ozaﬁ?l(()%so?{)%%tg E%ﬁs%g'!oqglg%ég{} gﬁ%{e’s? ko\?ﬂ% %rhon(?g%'?"iqg%cggoﬁ' 3{511’?15 PFOUGI0 at | east
98 or at | eught cgben atawes), Tixpicahesxgmmplest of( sushhystars ydré formeramplesmethyl
Particul arl A | rylhs.asi d and
esters or (*r’?lﬁie a??gﬁ%ﬁ%ﬁ%ﬂ an‘g%lg%g?rgiggﬂ) ?‘@’5’%8{’% r?’g %H(l:%ﬁ’o s. This
applies in %ﬁx X PEIY 10 anethor dnethacsriotss elylometbaerylajes n-butybmgtbremittes ar e of
one t.o twenind te@dbudy]l nidthadeylate. one to twel ve carbon atons or one to eight
car bon %toms. Typi cal exanpl es of such esters are for exanpl e nethyl

The invention furthermore relates to an apparatus for carrying out a novel process.

It is expedient in terms of application technology to introduce the inhibitor solution
to be added according to the invention via a spray nozzle in order to achieve very

20 rapid homogeneous distribution in the system undergoing free radical
polymerization. The apparatuses described in DE-A 197 49 859 and DE-A 198 22
492 are particularly suitable for introducing the inhibitor solution into the system
undergoing polymerization.

25 Of course, the abovementioned homogenization can also be supported by
circulation by means of a pump and/or by stirring. However, such mechanical
auxiliary measures also entail the danger of acceleration of the polymerization
since they are also associated with introduction of energy into the system
undergoing free radical polymerizatign. The phenothiazine solution to be

30  introduced is expediently contained in a suitable storage container. If the novel
process for immediately terminating the free radical polymerization of
(meth)acrylic monomers unintentionally polymerizing in the absence of a solvent,
the total added amount of phenothiazine should be from about 0.01 to 3% by
weight, based on the (meth)acrylic monomers. As a rule, an added amount of from

35 0.01 to 0.05, frequently 0.025, % by weight of phenothiazine is sufficient.



acrylate, ethyl acrylate, n--butyl acrylate, isobutyl acrylate, tert-butyl
acrylate, 2- ethylhexyl acrylate, methyl nethacrylate, ethyl rrethachWﬂﬂéZU[]f]
n-butyl methacrylate and tert-butyl nethacrylate. 15 The invention
furthernore relates to an apparatus forygarrying out a novel process. It is
expedi ent i n terms of application technology to introduce the inhibitor

sol ution dded according to the invention via a spray nozzle in

order to ac EFEP ery 20 rapid honogeneous distribution in the system
undergoing free radical polynerization. The apparatuses described in DE-A
197 4 r rticul af [e T,0r 1ntr in
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pol yneri zat |1ﬁ%(wdw)qﬂnendnhgazmﬂe aI o] assom at eg-MPEh i ntroduction of gnergy

into the sy W}Q@ ing free radical polypnerizatign. The phenot hj azi ne
sol ution tos%e@o I'n ?ﬁguced i s expediently cpntained in a suitable storage

cont ai ner. [160% Ge'widN-sethylpysealilon¢ or | nredi ately ternminating the free
radi cal polymerization of (neth)acrylic nononmers unintentionally
pol ymeri zi n?@;n t he ahsence of a_ solvent, the total added anmount of

phenot hi azi rfecraprsispn ob dher grystallipation rpingoftag ighibisgr saltiomeontaining MEHQ he
(met h) acrsyl i ithnetye B as. infibitdr kélhEon whadldpﬂamtsﬂa&vs QlﬁathE fwdds e tO
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012005 18" EREFRIiEteE ot ent shiend the Qpr R FAngE P gCC: BRe: L@Qéiﬁqzﬁa{. on
poi nt 35% (Whu)effehquﬂhnahlanmem%%:(awwoﬂ\tnhﬁﬁtbribxmltlrdpuiﬁdSS% (W W)
phenot hi azi ne-11 C 5% (w w) MEHQ




60% w w N-neth 1 olidone Conparison of the crystallization point of an

i nhi bitor solution containing MEHQ 5 with that of an inhibitor sol uzmg 2003
wi t hout MEHQ shows that MEHQ | owers the crystallization point and ex ;

t he operating range by 13C, from 2C 1t¥-11"C  The effect of phenot hi azi ne
as a polynerization inhibitor is not inpaired. 270CT2003 -19 W claim A
process for immediately termnating free radical polynerizations

conprising the addition. of an inhibitor solution which contains

phenot hi azi ne_and at |east 50% (ww) N-al kyl pyrrolidone - based on the

wei ght of saW®Gl#Bbitor solution - to a system undergoing free radical

pol yneri zati on, wherein the inhibitor solution also contains

p- met hoxyphenol . 2. A process, as clajinmed in claim1, wherein the

N-al kyl pyrrol-i don® iPEOGRss ef nipmpsdintsly derminasingNfiee hyadisal r polyasrigations A
process as cl ai meebmptisihdi thel #Aitdn WIeTai NnkiBRoP NGARIR a%hibE E&ﬁl&ﬁ?t of
t he inhibitor soi)ﬁ'gi O{]m.i S a%_ti‘ealst %(2’//0 &vv/ based on.the weight. of the
i nhi bi tor sol uti offengtiaging and.atleast &iWé'\g Nrﬁ_’é}ﬂpﬂ&?hd@%iﬁaﬁfd@a the .
wher ei n t?\?v/ p; ne})hebghploérsaid irﬁﬁiﬁtoerr:a‘olmiontﬂaa iarﬁr?isighi thé'gllyilﬂgiﬁéb radidalom 2. 5
to 12. 5% W), ba e | ght t 4nhibitor. solufion. 5., A
process as cl ai ne;gﬁ?%elg%a}fo& C%%r%g 1%360 d{%‘\hﬂ%fr eisﬂﬁ{nﬁ@ p218t hSWBRENO!
content of the i nprimsithaxypbeioltion is from5 to 10% (ww) , based on the

wei ght of the inhibitor solution. 6. A process as clainmed in any of clains
1 to 5 wherein the system undergoing free radical polynerization -
conpri ses (et h) abriPress Asndared nyelaen Joiwhgrein dbe N;rdlkbfﬁwﬂﬂhd@le is N-

pol ymeri zation. T7methylpyeroti@onedr N-lediyifBdrolidosd. @i m 6, wherein the
(meth)acrylic nononer is (neth)acrylic acid.

3. A process as claimed in claim 1 or 2, wherein the phenothiazine content of
the inhibitor solution is at least 10% (w/w) based on the weight of the
inhibitor solution,

4. A process as claimed in any of claims 1 to 3, wherein the p-methoxyphenol

content of the inhibitor solution is from 2.5 to 12.5% (w/w), based on the
weight of the inhibitor solution.

5. A process as claimed in any of claims 1 to 4, wherein the p-methoxyphenol
content of the inhibitor solution is from 5 to 10% (w/w), based on the
weight of the inhibitor solution.

6. A process as claimed in any of claims 1 to 5, wherein the system
undergoing free radical polymerization comprises (meth)acrylic monomers
undergoing free radical mass polymerization.

7. A process as claimed in claim 6, wherein the (meth)acrylic monomer is
(meth)acrylic acid.
8. A process as claimed in claim 6, wherein the (meth)acrylic monomer is a

(meth)acrylic ester.

9. An inhibitor solution containing phenothiazine, p-methoxyphenol and an
N-alkylpyrrolidone for the immediate termination of free radical
polymerizations.




8. A process as clainmed in claim6, wherein the (neth)acrylic nononer is a
(meth)acrylic ester. 9. An inhibitor solution containing phenothiazigne0CT 2003
p- met hoxyphenol and an N-al kyl pyrroljidone for the i mediate term nati on of
free radical polynerizations. 27 oCT¥b03 -20 10. An inhibitor solution as
clainmed in cl ﬁi m 9, l%%it_ai ni ﬂl% phenot hi azi ne, p- met hoxyphenol and

N- et hyl pyrr Pi dori® infupitop soluign 135 claimed | intclam Rscontaining dhenothiazing po,

contai ning at | eagsde heovind Hhas® Iij{aajig@,e_ from5 to 10% (w w)
p- met hoxyphenol and at |east 50% (ww N nethylpyrrolidone, in each case

based on the weight of the inhibitor solution.
11. An inhibitor solution as claimed in claim 10, containing at least 10% (w/w)

phenothiazine, from 5 to 10% (w/w) p-methoxyphenol and at least 50%

(w/w) N-methylpyrrolidone, in each casé¢ based on the weight of the
inhibitor solution. '



