Process for stabilizing olefinically unsaturated

nmononmers The invention relates to a stabilizer

conposition which is suitable for stabilizing

ol efinically unsaturated nononers during production,
purification and storage, and to a-corresponding

process for this purpose. During the preparation of

ol efinically unsaturated nononers, for exanple ethene,
but adi ene, isoprene, vinyl acetate, (neth)acrylic

acid, (nmeth)acrylates, acrolein, acrylonitrile or

vi nyl -substituted aromatics, these olefinically

unsaturated i nononmers are subjected to severa

purificatio ocess steps, for exanple distillation

or Bseecsgfer pabilizing olefipisplly wisaQafeQMOBUBALS - od by pr oduct s

or inpurities. The production and distillation process
steps in particular are perfornmed_at .elevated ... . ... :
t ere ingeufionsolatey top istabiliAgt|cQrpaRIgP b S E g abilizing olefinically
t henehRhe DdoeeR duﬁﬂ%ﬁx@@ﬁ[eﬁbl@, puRREUE:eshdReIrygeRint 74 consponding
as early as during the preparation and/or purification

pr eases forlfepyp®R- of pol ynerization exists in al

abovenenti oned nononers - particularly at el evated
tenperature. Sone of these olefinicall nsat ur.at ed -
oRBRES $° PreB ORI BUISTAAHES RN 1ot SyaRpIg o putadions,
st ggﬁﬁse, Oyl Adethth QieMcERicQbid! (hRthJdepdtes, airslein wsydonitrile or vinyl-
tendency to a_spontagggys usual%g st rongl Suxgﬁ&ﬁigg&ﬂ
antPbeiated promatiosehese QLAY YASEPR Mg RV RE he

- COpRcatdn\RbKssGlepS Bhitg appll izt dtion bi @raciongh efdenfogehdvp undesired by-

UPPRIR OGS AP Bonet B TRyl s pareegrperfomed

- dep@Sdvitsd Bfapb@repol ymers in the reactors and col ums,

and secondly in a reduction in the anount of avail able
nmononers. Deposits of the polyner can | ead, anong o

. ot befinicayuintayrattdmondnae thefpéae bave a tepfiency taunwagied pefiaprization as
pl ant [ an i od2f. QAU Gk o }idktion exists in
o de&lﬁ?r Py (?111‘111% l’t%e r?tre%agﬁgrg Ead' @ g’gn{i@aq%ﬁg j polme :

i on, conponent or exanple filters, c¢ .
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shut down al so causes a production shortfall, and so it

is always attenpted to avoid themor to mnimze
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justified. Constant supply of f}esh pol yneri zati on

i nhibitors can achieve the effect that the

pol yneri zation content is kept at a very low |l evel or

pol ymeri zati on can be prevented conpletely during a
production process proceedi ng without disruption.

Pol yneri zation retarders are, in contrast, of great

‘inmportance in the case of stoppage of the additive
supply, since, as a result of their [onger activity,



EP O 737 659 and EP 0 737 660 al so descri be qui none
net hi des for stabilization of nononers, the qui none
met hi des used in EP 0 737 659 havi ng hydrogen as the
substituent of the R' type, and aryl or heteroaryl
groups which may optionally have further substituents
as the substitu,ent of the R' type. EP 0 737 660, in
contrast, describes the use of quinone nmethides with
substituents of the R' " type selected from-CN,
-COOR, -COR, -OCOR, -CONRR and -PQ(OR) 2, where R may
be hydrogen or an al kyl, cycloal kyl, phenyl or aryl
group. In EP 0 737 660 too, the use of these quinone
nmet hi des with strongly el ectron-w thdraw ng

sub&iid thee ot ®© minindantheinatnten st 4 ppdstbteoxyl radicals i s
descri bed. The use of quinone nethides in

conmbi nation with other known additives for inhibiting
poCymequczidy, hdlitives, velgahcard el 1o eitberas pellymatization inhibitors or as retarders,
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conpounds of the structure (Il® are suitable as
retarders for olefinically unsaturated nonomers. For
i nstance, conpounds of the structure (I1) have
conparabl e retarder activities as conpared with the
conventional retarder- 2,4-dinitro-6-secbutyl pheno
(DNBP) (see exanples 7 and 10). This was conpl etely
surprising since the prior art does nention the
qui none nethides in connection with inhibition of




X= Rl and/or R2= nethyl group or tert-butyl group,

R3=al kyl or aryl group, where the al kyl group have 1

to 6 carbon atons, where the substituents of the RI,

R2 and R3 type are the sanme or different and are
unsubstituted, is added to an olefinically unsaturated
nmononer or -to a nonomer m xture which conprises at

| east one olefinically unsaturated nonomer. The

invention further provides a nononmer conposition which
conprises from10 ppb (mMm to 100 000 ppm (M m,

based on the olefinically unsaturated nononer, of at

| east one retarder (B) of the structure (I1). This
invention |ikew se provides a retarder-containing.
conposition which conprises - a solvent (A) selected

from benzene, toluene, ethylbenzene or styrene, and - - :
at Tb pRsént OISmEdRiaBsmie the(pBipantion hivistlicdbtusaurgied gompppnds, as well as
the process.acgcording to the inventi L Lz

ol e BN ERFRP Gar Ben rstiey g0 gt fler SAREL WL nown
I efréth G160 taade DsipHS btdnphe CABY/onhHittose eorppdusds a
solvent (A) selected, fr be : ugne; . :
oDl Eats 61 GG S e P s dab iR kg e mipcaromatios, ave
of quiith @ hgdhr pupottion of krldpsired wheigen atdins Rbich pa/leve RONOmatls lpter

group or tert-b l,. u = al kyl or aryl group,
\/\H@?’Eer?tf?él%??ﬁfl°¥g’%gﬁg‘ﬁ%§§§esﬁfsd 6 carbon atons, where

the substituents of the 121, R2 and R3 type are the

sa r differepnt and ar ; -] ' & @hat of quinone
BB oUR T AR AU O S e i bl phmBEHACh &t of
mixdthides ofttiechuctaapri ses at | east one olefinically

unsat ur at ed nononer.

@]

RN! Rm! a).

The use of this substance class for inhibiting the polymerization of styrene is described by Bacha
etal. in US 4,003,800 and siso in US 4,040,911, where the substituents of the R>** and R**** type
may be hydrogen, an alkyl group, a cycloalkyl group or an optionally alkyl-substituted phenyl

group.

EP 0 737 659 and EP 0 737 660 also describe guinone methides for stabilization of monomers,
the quinone methides used in EP 0 737 659 having hydrogen as the substituent of the R*”’ type,
and aryl or heteroaryl groups which may optionally have further substituents as the substituent of
the R**>*” type. EP 0 737 660, in contrast, describes the use of quinone methides with substituents
of the R>*** type selected from —CN, -COOR, -COR, -OQCOR, -CONRR and -PO(OR);z, where R
may be hydrogen or an alkyl, cycloalkyl, phenyl or aryl group. In EP 0 737 660 too, the use of

these quinone methides with strongly electron-withdrawing substituents in combination with

nitroxyl radicals 1s described.



Particul ar preference is given in the process
according to the invention to using a
retarder-containing conposition (AB) which conprises
from410 to 99. 9% by wei ght of the solvent (A) and
fromO0.1 to 55.0% by wei ght of the retarder (B), but
particul ar preference is given to using a
retarder-containing conposition (AB) which conprises
from60.0 to 98.0% by wei ght of the solvent (A) and
from2.0 to 40.0% by weight of the retarder (B). In
the process according to the invention, it is

advant ageous to ensure a suitable solvent which is
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ion, olefinically unsaturated nononers are
unéb?é?oo "to nean conpounds whi ch have at |east one
C- C doubl e bond and are capablﬁ of entering into a
pol yneri zation reaction. |In the process according to
the invention, preference is given to using at |east
one ol efinically unsaturated nonomer selected from
vinyl -substituted aromatics, for exanple
di vi nyl benzene or styrene, alk-I|-enes or
al ka- 1, 3-di enes, which may be either substituted or
unsubstituted, for exanple ethene, propene or
propyl ene, butadi ene, vinyl acetate, (neth)acrylate,



whi ch conprises a solvent (C) selected from saturated

or unsaturated, branched and/or unbranched,

ring-cl osed and/ or open-chain aliphatic or aronmatic

hydr ocar bons whi ch have 4 to 20 carbon atons, or

al cohols or ethers having in each case 2 to 20 carbon

atons, or al kyl acetates where the al kyl group of this

ester |likewi se has 2 to 20 carbon atons, or water, and

at | east one polynerization inhibitor (D) of the

structure (1V) where: R5, R6, R7 and Rg = al kyl group

having in each case 1 to 4 carbon atons, = >CRI9RLO,

>C=0, >CH OH, >CH NROR10, >CH Hal, >CH OR9, >CH COOR9,

>CH O CONHRY 0 0 CH21 OR9 oRio, RO RIO= hydrogen,

al kyl group having in each case 1 to 6 carbon atons,
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wei ght of the solvent (C). and ) ) .
quinone methides, which have strongly electron-withdrawing groups as substituents ofthe X
type, are conventional polymerization inhibitors which have no retarder activities whatsoever
(see examples 4-6). In contrast, not all compounds of the substance class of the quinone methides

in turn exhibit action with regard to inhibition of polymerization (see example 2).

The quinone methides of the structure (II) are thus, in contrast, retarders with astonishingly high
" activity, which, in combination with nitroxy! radicals, have improved action as a stabilizer
composition as compared with the combination of niﬁoxyl radicals with nitroaromatics, for
example DNBP (see examples 13-17). In addition, the combination of the quinone methides of
the structure (II) and nitroxyl radicals bas a synergistic effect as compared with the individual

substances.

Qn the basis of the structure of the quinone methides, a lower toxicity as compared with the

nitroaromatics is expected. The use of these quinone methides of the structure (II) likewise

allows the emission of NO, offgases to be reduced as compared with the NO, emissions in the

case of use of nitroaromatics as retarders.

The quinone methides of the structure (II) are stable in all nonpolar solvents, and so use of these
quinone methides as a solution enables simple handling. It is advantageous that the solvents need
not necessarily be the monomer to be stabilized. The retarder action is not impaired even when

the quinone methide is added in other solvents (see example 10a-10c).

The invention provides a process for stabilizing olefinically unsaturated monomers, wherein a
retarder-containing composition (AB) which comprises
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fromO0.1 to 65.0% by wei ght of the pol ynerization
inhibitor (D);.very particular preference is givento
addi ng a conposition (CD) which conprises from40.0 to
95. 0% wei ght  of .the solvent (C) and_ fromb5.0 to
60. 0%8& wevﬁﬁ? egied fiom Benzheirligns. shylbenzene gstyrpye, and
The e&ﬁ%h@n&&%eP§QQﬁ§&§ %&grﬁ l'y sol vents sel ected
from benzene, nono- T yl'ated aromati cs,
al kanes or cycloalkanes'haV|ng in each case a carbon
nunber of 6 to 15. gln allf urkher embodi ment of the
process according £0 Avéntion, it is al so
possi ble to use an al ¢ sel ect ed from net hanol ,
et hanol, n-butanol, or gn al kyl acetate selected from.
ethyl acetate, vinyl ac#tate and butyl acetate, or
wat er as the solvent HC). XThe use of a m xture (bF)
different solvents (C) in this process is also
conceivable. In the context of this invention, a
pakidgeri zation inhibitor (D) is understood to nean a
conmpound which is capable of virtually conpletely
pﬂ%ventlng pol ynmers son of the olefinically
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period in the caséit@ns.an oIeflnlcaIIy unsaturated
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process accor t fAven preference i
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. ol nerlzatlon inhibitor (D) of the structure (IV)

is addgglay an Risfinggglly ppsainted morohen it agnepgsner mix{yg which comprises at

nvention, very particul ar

teast B REAT AP BBl BB 02, 2.6, 6
tetranet hyl pi peri di ne N-oxyl (TEMPO),
4- acet arnj do- 2,2, 6 6-t et ramet hyl pi perj di ne N-ox
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of theaftructuee @) uct ure (1V) where R5 R6 R7 and Its =
: met hyl group and Z =-- >CH OR9 where R9 = al kyl group
having 1 to 6 carbon atons and/or a conpound of the
This 1ﬁ{rérﬂﬁﬁ1lﬁk%m(1§e??rowag§ § rétardeRBon Eﬁlﬁ%nﬁosmdﬁe&mh cBhfp¥iRes
process accor |ng e Invention, It
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pol y ation iinhihitars (D). Lp the process
acco? é Reretqyder éﬁ%ﬁﬁﬂ&m%Peﬁﬁlpossible to dissol ve
t he retarder (B) and the polynerization inhibitor (D)

i ndependently in different solvents. However, it is
In thegutocass acponding to thei isseitica foostabilizmgralefmidally WiBjtantdd mnmomers, a

rization inhi in the sane solvent. The
retard B B TR AR St GIPESFY e acded to.t he
nmononers separately fromone another and if
appropriate at different netering rates. The two
conpotlvend (4) seidted fon( BMizena nokibns eftinlianzere onf stagnerand
then_supplied. t no ref{erence is given to
addlfﬁé q?sﬁgnq%arg%rr@}gﬁgl? oﬂgm )(ﬁgnd (CD) to the
nononers separately fromone another. In this context,
the conpositions (AB) and (CD) can al so be added to
the ol ef m.cally unsaturated nmononmers during-a process,
for exanple preparation or purification process. These
conmpositions can be added to the unsaturgated nononers
or monomer mxtures by standagd prior art methods.
Advant ageously, these conpositions can be added in the
process according to the invention in any feed stream
or outlet of a distillation colum, into the inlet and
outlet of a heat exchanger or of an evaporator
("boiler"™) or into the inlet and outlet of a




X= Rl and/or R2= nethyl group or tert-butyl group, R3=
al kyl or aryl group, where the alkyl group have 1 to 6
carbon atons, where the substituents of the 121, R2
and R3 type are the sanme or different and are
unsubstituted. The inveitive nononmer conposition nore
preferably conprises 1L ppmRepinm to 10 000 ppm (m m,
nost preferably 10 pp m to 2500 ppm (mn), of the
retarder (B). The retardefs conprised in the inventive
nmononmer conposition are Preferably excl usi vel y
retarders of the structee (I1). Ntro- or
nitrosoaromatics as rBtarders are dispensed w there.
The inventive nonomer conpositi.on conprises retarders
(B) of the structure (I1) which have, as the
subswihtgent of the X type, an 0- R3 group. In
addition, the inve_nté!') e nmonomer conposition conprises
retarders (B) of the'sStructure (I1) which have, as
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preferably having 1.to 6 carbon atons. Mre
preferably, the i nA¥ve nonomer conposition
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tert-butyl group, and, as the substituent of the 123
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Exanpl e Additive Mode of action of the additive Tine
until polymer content 2% by weight is present (in nin)
Pol ymer content after 180 minhutes an % by weight) 1* -
- 36 15 | 1225

which comprises
- asolvent (C) selected from saturated or unsaturated, branched and/or unbranched,

ring-closed and/or open-chain aliphatic or aromatic hydrocarbons which have 4 to 20

carbon atoms, or alcohols or ethers having in each case 2 to 20 carbon atoms, or alkyl

acetates where the atkyl group of this ester likewise has 2 fo 20 carbon atoms, or

water, and

at Jeast one polymerization inhibitor (D) of the structare (TV)

Z R
ol L
Re. fi‘! Rg

0 |

- Where: .
Rs, Rs, Ry and Ry = alkyl group having in each case 1 to 4 carbon atoms,
= >CRoR g, >C=0, >CH-OH, >CH-NRoR o, >CH-Hal, >CH-ORg,

Z
(o) ORg
. : >< }CHz] :
) >CH-CCGORy, >CH-0O-CO-NHRs, O m ORyg,
Ro, Ryp = hydrogen, alkyl group having in each case 1 to 6 carbon atoms,
Hal = fluorine, chloriﬁe, bromine or iodine,
m =11t04, )
where the substituents of the Rs, Re, R7, Rs, Ro and Ryo type are the same or different and

are sﬁbstituted or unsubstituted.

In the process according to the invention, particular preference is given to adding to the
monomer a polyzneﬁzation inhibitor-containing composition (CD) which comprises
from35.0 to 99.9% by weight of the solvent (C) and
from 0.1 to 65.0% by weight of the polymeﬁzation inhibitor (D);
'v.ery particular p'ref&;ﬁce is given to adding a compésition (CD) which comprises

Trom40.0 to 95.0% by weight of the solvent (C) and

10..



33 18 4* 40 1 CNinhibitor 131 5.5 5* | * COON

from 5.0 to 60.0% by weight of the polymerization inhibitor (D).

The solvents (C) used are preferably solvents selected from benzene, mono- or polyalkylated
aromatics, alkanes or cycloalkanes having in each case a carbon number of 6 to 15. In a further
embodiment of the process according to the invention, it is also possible to use an alcohol
selected from methanol, ethanol, n-butancl, or an alkyl acetate sclected from ethyl acetate, vinyl

acetate and butyl acetate, or water as the solvent (C). The use of a mixture of different solvents

(C) in this process is also conceivable.

In the context of this invention, a pélymerization inhibitor (D) is understood.to mean &
compound which is capable of virtually completely preventing polymerization of the olefinically
unsaturated monomer for a certain period. The period until polymerization occurs in the case of
an olefinically unsaturated monomer without a polymerization ighibitor is therefore shorter than

the period in the case of an olefinically unsaturated rgdnomer with a polymerization inhibitor.

In the process according to the invention, preference is given to using, as well ag the retarder (B),
a polymerization inhibitor (D) of the structure (IV) where Rs, Re, Rz and Ry = methyl group. In
the process according to the invention, very particular preference is given to using 2,2,6,6-
tetramethylpiperidine N-oxyl CFEl\dPOj, 4~acetamido-2,2,6;6—tetra£meﬂ1§'1piperidine N-oxyl (AA-
TEMPO),_ 4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (4-hydroxy-TEMPO), t_!»—oxo-z,z,é,ﬁ-~
tetramethylpiperidine N-oxyl (oxo-TEMPO), a compound of the structure (IV) where Rs, Rg, Ry
and Rg = methyl group and Z = >CH-ORg where Ry = alkyl group having 1 to 6 carbon atoms
and/or a compound of the structure (IV) where Rs, Rs, Ry and R = methyl group and Z =

>

In the process according to the invention, it is also possible to use mixtures of these

inolymexization inhibitors (D).

In the process according to the invention, it is possible to dissolve the retarder (B) and the

11



inhibitor 152 4.5 6* | * COO? e inhibitor 139 5.5 7* H
NO2 DNBPNC2 retarder 179 2.0

polymerization inhibitor (D) independently in different solvents. However, it is advantageous to
dissolve both the retarder (B) and the polymerization inhibitors (D) in the same solvent. The two
compositions (AB) and (CD) can be added to the monomers separately from one another and if

appropriate at different metering rates. The two compositions (AB) and (CD) can also first be

mixed and then supplied to the monomer. Preference is given to adding the two compositions

(AB) and (CD) to the monomers separately from one another.

1In this context, the compositions (AB) and (CD) can also be added to the olefinically unsaturated
monomers during a process, for example preparation or purification process: These compositions
can be added to the unsaturated monomers or monomer mixtures by standard prior art methods.
Advantageously, these compositions can be added in the process according io the invention in
any feed strez;.m or outlet of a distillation column, info the inlet and outlet of a heat exchanger or
of an evaporator {“boiler”) or into the inlet and oﬁtle;t of a condenser, In addition, in the process
according to the invention, these compositions (AB) and if appropriate (CD) can also be added in

storage tanks for the olefinically unsaturated monomers.

The term “effective amount” of retarder or polymerization inhibitor in the context of this
invention is understeod to mean the amount of retarder or polymerization inhibitor which is
needed to delay or to prevent the premature polymerization of the olefinically unsaturated
monomers. This effective amount depend-s on the conditions under which the olefinically
unsaturated monomer is stored or handled. For example, in the case of distillation of the
unsaturated monomer, owing to the relatively high temperatures and the relatively high

concentration of impuritics, a higher amount of the retarder or polymerization inhibitor is needed

‘than in the case of storage of the monomer.

| Preferably, in the process according to the invention, a total of 100 ppb (/) te 100 000 ppm

(tn/m), more preferably of 1 ppm (m/m) to 10 000 ppm (m/m) and most preferably of 10 ppm
(mv/m) to 2500 ppm (w/m) of retarder (B) and polymerization inhibitor (D), based on the
olefinically unsaturated monomer, is added to the olefinically unsaturated monomer or to the

monomer mixture.
12



Exanpl e Additive Modde of action of the additive Tine
until polynmer content 2% by weight is present (in mn)
Pol yner content after 180 minutes (in % by weight) 8*

1l 1/0 retarder 165 2.5 9 | Sl Et
The inventive monomer composition comprises from 10 ppb (m/m) to 100 000 ppm (m/m),

based on the olefinically unsaturated monomer, of at least one retarder (B) of the structure (II)

Ry Ro
H X daxn
where:
X =-0-R3,
R; and/or R, = methyl group or tert-butyl group,
R = alkyl or aryl group, where the alkyl group have 1 to 6 carbon
atoms,

where the substituents of the R}, R; and Rj type are the same or different and are

unsubstituted,

The inventive monomer composition more preferably comprises 1 ppm (m/m) to 10 000 ppm
(m/m), most preferably 10 ppm (m/m) to 2500 ppm (m/m), of the retarder (B).

The retarders comprised in the inventive monomer composition are preferably exclusively

retarders of the structure (II). Nitro- or nitrosoaromatics as retarders are dispensed with here.

The inventive monomer composition comprises retarders (B) of the structure (II) which have, as
the substituent of the X type, an O- R; group. In addition, the inventive monomer composition
comprises retarders (B) of the structure (II) which have, as substituents of the R; and/or R, type,
a methyl group or tert-butyl group. The substituents of the R; type are the alkyl or aryl groups,
the alkyl groups preferably having 1 to 6 carbon atoms. More preferably, the inventive monomer
- composition comprises a retarder (B) which has, as substituents of the R type, alkyl groups
having 1 to 6 carbon atoms, especially a methyl or ethyl group.

Most preferably, the inventive monomer compositions comprise a retarder (B) of the structure

13



retarder 116 3.5 10 Tl . | Me CC DTBMeOQM retarder 181

2.0 10a DTMeOQM as 5% by wei ght solution in
- et hyl benzene retarder 182 2.0 10b

(IT) which comprises, as substituents of the R; type and Rz type, a methyl or tert-butyl group,
and, as the substituent of the R; type, an alkyl group having 1 to & carbon atoms, especially a

methyl or ethyl group.

The inventive monomer composition may also comprise a mixture of these retarders (B).

The inventive monomer composition preferably comprises af least one olefinically unsaturated
monomer selected from vinyl-substituted aromatics, for example divinylbenzene or styrene, alk-
1-enes or alka-1,3-dienes, which may be either substituted_ or unsubstituted, for example ethene,
propene or propylene, butadiene, vinyl acetate, (meth)acrylate, acrylonitrile, acrolein,
N-vinylformamide, chloroprene, isoprene. The inventive monomer composition preferably
comprises olefinically unsaturated monomers selected from ethene, propene ot prbpylene,

butadiene, isoprene, divinylbenzene or styrene. The inventive monomer composition more

preferably comprises butadienc or styrene.

The inventive monomer composition may comprise either one compound of olefinically

unsaturated monomers or a mixture of different olefinically unsaturated monomers.

It is advantageous when the inventive monomer composition, as well as the retarder (B), also

| comprises a polymerization inhibitor (D) of the structure (IV). This monomer composition
preferably comprises a polymerization inhibitor (D) of the structure (IV) where R;s, Rg, Ry and Ry

- = methyl group. Most preferably, the inventive monomer compositions comprise 2,2,6,6-
tetramethylpiperidine N-oxyl (TEMPO), 4-ace_tamido—2,2,6,6~tetrameﬂ1y1piperidine N-oxyl (AA-
TEMPO), 4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (4-hydroxy-TEMPO), 4—6x0-2,2,6,6-

_ tetramethylpiperidine N-oxyl (oxo-TEMPO), a compound of the structure {IV) where Rs, Rg, Ry
and Rg = methyl group and Z = >CH-ORy where Rg = alkyl group having 1 to 6 carbon atoms
and/or a compound of the structure (TV) where Rs, Rg, R7 and Rg = methyl group and Z =

O
><O as polymerization inhibitors (D).

i4



DTMeOQM as 5% by wei ght solution in styrene retarder
179 2.0 10c DTMeOQM as 5% by wei ght solution in
net hanol retarder 180 2.0 * conparative exanpl es
Exanpl es 11-18 Exanples 11-18 were carried out
anal ogously to exanples Ito 10, except that an
additive m xture was added in exanples 14 to 18. The
results are shown in table 2. Table 2: to f x ca al
?-,- -8
For instance, the inventive monomer composition may also comprise mixtures of these

polymerization inhibitors (D).

‘The inventive monomer composition preferably comprises the retarder (B) and the
5 polymerization inhibitor (D) in a total of 10 ppb (m/m) to 100 000 ppm (m/m), more preferably
~ of 1 ppm (m/m) to 10 000 ppm (m/m) and most preferably of 10 ppm (m/m) to 2500 ppm (m/m),

based on the olefinically unsaturated monomer.

The inventive retarder-containing composition comprises
10 - asolvent (A) selected from benzene, toluene, ethylbenzene or styrene, and

- at least one retarder (B) of the structure (II)

Ry R2
H X an
where:
5 X : =-0-R3,
R, and/or Ry = methyl group or tert-butyl group,
R; = alkyl or aryl group, where the alkyl group have 1 to 6 carbon
atoms,

 where the substituents of the Ry, R, and R type are the same or different and are

20 unsubstituted.

The inventive retarder-containing composition preferably comprises
from 45.0 to 99.9% by weight of the solvent (A) and
from 0.1 to 55.0% by weight of the retarder (B),
25  but more preferably comprises
from 60.0 to 98.0% by weight of the solvent (A) and
from 2.0 to 40.0% by weight of the retarder (B).

15
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15

20

-74" Amount of additive (in ppm(mm) Mde of action
of the additive Tinme until polyner content 2% by

wei ght is present (in InM Polyner content after 180
mnutes (in %by weight) 1 1 0 --).-N O oxo- TEMPO 100
inhibitor 94 6.5 12

In the inventive retarder-containing composition, it is advantageous to ensure a suitable solvent
which is compatible firstly with the olefinically unsaturated monomer for which this retarder-
containing composition is to be used for inhibition of polymerization, but also with the retarder

(B), and that there can be no undesired reactions.

Suitable solvents (A) for the inventive retarder-containing composition are therefore nonpolar
aromatic or aliphatic solvents. The inventive retarder-containing composition comprises, as
solvents (A), benzene, toluene, ethylbenzene or styrene. The inventive retarder-containing

composition may also comprise mixtures of suitable solvents (A).

As retarders, the inventive retarder-containing composition preferably comprises exclusively
retarders of the structure (II). Nitro- or nitrosoaromatics as retarders are preferably dispensed

with here.

The inventive rétarder-containjng composition comprises especially retarders (B) of the structure
(II) which have, as the substituent of the X type, an O-R; group. In addition, the inventive
retarder-containing composition comprises retarders (B) of the structure (I) which have, as
substituents of the R; and/or R; type, a methyl group or tert-butyl group. The substituents of the
R; type are alkyl or aryl groups, where the alkyl groups having 1 to 6 carbon atoms. The
inventive retarder-containing composition more preferably comprises retarders (B) which have,
as substituents of the R; type, an alkyl group having 1 to 6 carbon atoms, especially a methyl or
ethyl group.

16



N 1 O 44iydroxyzTE1IMPO 100 inhibitor 92 6.5 13
4- hydroxy- TEMPO 5 ppm inhibitor 200 1.0 DNBP 95 ppm

retarder

Most preferably, the inventive retarder-containing composition comprises retarders (B) of the
structure (II) which have, as substituents of the Ry type and Ry type, a methyl or tert-butyl group,
and as the substituent of the Rs type, an alkyl group having 1 to 6 catbon atoms, especially a

inethyl or ethyl group.

The inventive retarder-containing composition may also comprise a mixture of different retarders
(B)-

The examples which follow are intended to illustrate the process according to the invention in

detail, without any intention that the invention be restricted to these embodiments.

Examples 1-10
Commercially available, stabilized styrene is freed of the tert—butyl—1,'2—hydroxybenzene (TBC)

stabilizer at a reduced pressure of 95 mbar and a bottom temperature of 75°C in an inert nitrogen
atmosphere. The fest apparatus, which consists of a four-neck flask equipped with a
thermometer, a reflux. condenser, a septum and a precision glass stirrer, is purged thoroughly
with nitrogen in order to obtain an oxygen-free atmosphere. 300 g of the unstabilized styrene are
added to the three-neck flask and admixed with 100 ppm of an additive aecording to table 1. The
- additive was added either as a pure substance (examples 2-10) or as a solution (examples 10a-
10c). The constant nitrogen supply through a glass fit into the styrene solution enables an inert
pitrogen atmosphere over the entire test period. The styrene solution is stirred vigorously. At the
~ start of the experiment, the flask is immersed into an oil bath prebeated to 110°C to such an
extent that the stabilized styrene solution is completely immersed. After the immersion of the
three-neck flask into the heated oil bath, épprox. 3 g of the styrene solution are withdrawn at
regular intervals via the septum, weighed accurately and added to 50 ml of methanol. The
methanol mixture is stirred at room temperature for half an hour. The methanol brings about the
precipitation of the polystyrene formed during the test. This is removed by filtration through a
glass filter crucible. The filter residue is washed with 20 m} of methanol and then dried at 110°C
for at least 5 hours. The polystyrene remaining in the glass filter crucible is then weighed. The

value determined and the initial weight are used to determine the percentage of pqumer. This

17



14 oxo- TEMPO 15 ppm i nhi bitor

retarder 15 4- hydr oxy- TEMPO 100 ppm i nhi bitor

0.5

195 1.5 DNBP 85 ppm

218

polymer content is plotted against the reaction time. It can be inferred from the curved profile

obtained whether the additive acts as a polymerization inhibitor or as a retarder. A typical

curved profile is shown in fig. 1. The period within which a polymer content of 2% by weight has

formed, and also the polymer content after 180 minutes, are determined from the curve. The

results are shown in table 1.

Table 1:

Example | Additive Mode of Time until polymer Polymer content after
action of content 2% by weight is | 180 minutes
the additive | present (in % by weight)

(in min)
1* - - 36 15
2 i#k - 36 12.25
e
H
H” 0o

4+ ' ﬁ\(ﬁ?)< inhibitor 131 5.5

cN

5* %k inhibitor 162 4.5

COOH
6* inhibitor 139 55
|
COOMe
7 H
\/‘\é/“oz retarder 179 2.0
NO,

18 °




DTBMeOQM 10 ppm ret arder

i nhi bi tor

16 4- hydroxy- TEMPO 25 ppm

258 0.1 DTBMeOQM 75 ppm retarder

17

Example | Additive Mode of Time until polymer Polymer content after
action of content 2% by weight is | 180 minutes
the additive | present (in % by weight)

(in min)
8* retarder 165 2.5
9 w retarder 116 3.5
~Et
Q
10 *‘#/k retarder 181 2.0
~Me
0
DTBMeOQM
DTMeOQM as 5%
10a by weight solution in retarder 182 2.0
ethylbenzene
DTMeOQM as 5%
10b by weight solution in retarder 179 2.0
styrene
DTMeOQM as 5%

10¢ by weight solution in retarder 180 2.0

methanol

* comparative examples

Examples 11-18

Examples 11-18 were carried out analogously to examples 1 to 10, except that an additive

mixture was added in examples 14 to 18. The resuits are shown in table 2.
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oxo- TEMPO 60 ppminhibitor 235 0.8 DIBMeOQV 40 ppm
retarder Exanpl es 19-25 A saturated solution of in
each case 250 ng of DTBMeOQM is made up in a sol vent
according to table 3. Subsequently, the content of
DTBMeOQV i s determ ned by neans of gas chromat ography
(G0). The solvent content is calculated in each case.
These solutions are stored at roomtenperature for one
webdblatid t hen anal yzed agai n by neans of gas

20

chronptography (G~ The resgits arle shown i n tablg 3.
Tabl e] 3: Exanpl e Sol vent Anognt of DTB&EOQ\@U n area% f‘é‘)
X + - A
2 T |23 g 3
2= o e @ S B
© g £ S o 5 | § 2
& > & & G é 2 5 8 X
' c% us| o B g AT = N o o
5 = g & = S B = 5§ 3
4% < 3 & 5} 2 g & L
C =2 o = 2 [=]
| g < « |8 I 2 8
< ° =R & E
N o <
Q E Pova)
= ol —
O
11 N 100 irthibitor o4 6.5
] .
O
12 100 | inhibitor 92 6.5
LRAreXT-TENPO
- . inhibitor
13 [4-hydroxy-TEMPO 5 ppm 200 L0
DNEP 95 ppm | retarder
- B EE inhibitor
14 | oxo-TEMPO , 15 ppm j 105 L5
DNBP 85 ppm - | retarder
15 |4-hydroxy-TEMPO 100 ppm | inhibitor 218 0.5
DTBMeQQM 10 ppm |retarder
- - 25 ppm - | inhibitor
16 |4-hydroxy-TEMPO PP 258 .
DTBMeOQM 75 ppm | retarder
R 60 inthibitor )
17 [oxo-TEMPO ppm |1 935 0.8
DTBMeOQM 40 ppm | retarder




Start after 1 week 19 et hyl benzene 100 100 20 styrene
100 100 21 xylene 100 99 22 heptane 99

’Examples 19-25
A saturated solution of in each case 250 mg of DTBMeOQM is made up in a solvent according

" to table 3. Subsequently, the content of DTBMeOQM is determined by means of gas
chromatography (GC). The solvent content is calculated in each case. These solutions are stored

at room temperature for ane week and then analyzed again by means of gas chromatography

(GC). The results are shown in table 3.

Fable 3:
Amount of DTBMeOQM
Example | Solvent (in area?s)
: _ Start = | after 1 week
i9 ethylbenzene 100 100
20 styrene 100 100
21 xylene 100 99
22 heptane 99 99
23 n-butanol 27 20
24 - | acetone 100 82
25 diethylene glycol monobutyl ether (DBGMBE) 44 Loj22

The solvents and monomers used in the examples, such as styrene, ethylbenzene, methanol,
xylene, heptane, n-butanol, acetone or diethylene glycol monobutyl ether (DEGMERR), and-also
the additives 4-hydroxy-TEMPO, oxo-TEMPO and DNBP were purchased from Sigma Mdﬁch
or from Merck. The additive in éxampl‘e 3,in contrast, was purchased from Actos. The further -
- additives used were prepared according to the following literature references:

Synthetic Communication 2000, 30 (15), 2825 £ (additives in examples 2, 4, 5 and 6),

Synthetic Communication 1976, 6 (4), 305fE. (addifive in example 8),

J. Org. Chem. 2002, 67, 125 ff. (addifives in examples 9 and 10).
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99 23 n-butanol 27 20 24 acetone 100 82 25 di et hyl ene
gl ycol nonobutyl ether (DEMME) 44 22 The sol vents and
nononers used in the exanples, such as styrene,

et hyl benzene, nethanol, xylene, heptane, n-butanol,
acetone or diethylene glycol nonobutyl ether (DEGVBE),
and al so the additives 4-hydroxy- TEMPO oxo- TEMPO and
DNBP wer e purchased from Signma Al drich or from Merck.
The additive in exanple 3,clhjmEontrast, was purchased
from Acros. The further addrtrves used were prepared
according to the followng literature references:

n paralG i F’BE& ft
%dé\l t |dve§g@n ex%él%laggn%ﬁgﬁ( 6) ?n%ﬁ%t%hetl c
Conﬁ'iﬁwtatarﬂzaslnni@ﬁe 6(4), 305ff. (additive in exanple
8), a@étaro@F 90ntgﬂ co%%%glioﬁgAB)]@ﬁcﬁ bompRgii tives in

exanpl es

- asolvent (A) selected from benzene, toluene, ethylbenzene or styrene,
and
- at |least one retarder (B) of the structure (lI)

R1 RZ
H X {m
where:
X =-0-R;
R; and/or R, = methyl group or tert-butyl group,
Ra = alky! or aryl group, where the alkyl group have 1 to

6 carbon atoms,
where the substituents of the R4, R; and R; type are the same or
different and are unsubstituted,
is added to an olefinically unsaturated monomer or to a monomer mixture
which comprises at least one olefinically unsaturated monomer.

2. A process according to claim 1,
~ characterized in that
a retarder-containing composition (AB) is used which comprises
from 45.0 to 99.9% by weight of the solvent (A) and
from 0.1 to 55.0% by weight of the retarder (B).

3. A process according to claim 2,

characterized in that _
22
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1. A process for stabilizing olefinically unsaturated
nmononers, characterized in that a retarder-containing
conmposition (AB) which conprises a solvent (A

sel ected from benzene, toluene, ethyl benzene or
styrene, and at |east one retarder (B) of the
structure (Il1) where: X Rl and/or R2= nethyl group or
tert-butyl group, R3= alkyl or aryl group, where the

al “ayrletéatﬁéf%nﬂﬂ?ﬁﬁ% éoﬁl%ls@tld‘rﬂ%@@% W@ Phich\Eshstisebe

substituents pe are the sane or

di f f dioenBOLhie 38 Q% b avsight of Uhﬁéﬁl"eﬂ%e’gﬁéﬂgd to an

ol ef ifpin£ 3l 4 % MNORBY AIGH FTHEAERI&(BJ.0 @ Monomer
m xture whi ch conprises at |east one olefinically

unsaturat ed nononer. 2. A process according to claim
1, characterized in that a retarder-containing
rgosmlon (AB) is used which conprises from45.0 to

199 pEosessRGagrdingfo atieast e eflaimg)Tt9ne fromo0.1 to

55. 0% eriﬂ’@&@rﬁha@f the retarder (B). 3. A process
according to claim2, characterized in_that
in addltlon to the retarder-containing composition (AB), a polymerlzatlon
inhibitor-containing composition (CD) is added to the monomer or to the
monomer mixture and comprises
- asolvent (C) selected from saturated or unsaturated, branched and/or
“unbranched, ring-closed and/or open-chain aliphatic or aromatic
hydrocarbons which have 4 to 20 carbon atoms, or aicohols or ethers
having in each case 2 to 20 carbon atoms, or alkyl acetates where the
alkyt group of this ester likewise has 2 to 20 carbon atoms, or water, and

- at least one polymerization inhibitor (D) of the structure (IV})

Z
o e
Rg fl‘l Rs
© (V)

.where:
Rs, Rs, R7 and Rg = alkyl group having in each case 1 to 4 carbon
atoms,
Z = >CRgRyg, >C=0, >CH-OH, >CH-NRgR, >CH-Hal, >CH-ORs,

o) ORy
X o] X
>CH-COOR,, >CH-0-CO-NHRg, o m, ORyp,

Rs, R0 = hydrogen, alkyl group having in each case 1 to 6 carbon
atoms,
Hal = fluorine, chlorine, bromine or ioding,
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a retarder-containing conposition (AB) is used which
conprises from®60.0 to 98. 0% by wei ght of the sol vent
(A) and from2.0 to 40.0% by wei ght of the retarder
(B). 4. A process according to at |east one of clains
Ito 3, characterized in that in addition to the
retarder-containing conposition (AB), a polynerization
i nhi bitor-containing conposition (CD) is added to the
nononer or to the nonomer m xture and conprises a
solvent (®)=%8%cted fromsaturated or unsat urat ed,

br anghed tﬁ@%wltuéﬂi@,roamg Rs! RN R CRPSRIR 3 mbecire the same or
open-chain aliphatic o romati ¢ hydrocarbons which
haved'ﬁeﬁe@téfﬁﬂ%rgr%é'ﬁbsg%?fi or al cohols or ethers

having in each case 2 to 20 carbon atons, or alkyl

acetates where the al k%L group of this ester |ikew se
5had Progess agcrding dhclaiy or water, and at |east one

po[;}ygfg&bﬁgéd ,ﬁﬁhétnhl bi tor (D) of t he structure (I\/)
d Re =
Gats Releerization it DRSTDR UaT v 2 o0t B e N "
ﬁ@rbo%%d&@ﬁ&@a,?&&, . éiaémeth Smne N%QMMPO) 4-
O CO'NHR9, OnORi ei il ﬁ,ﬂu%{«?—w
habydrgxy-A 2 etetimsdnyinigerist oW PO

flyorg Q-Qetré?ﬁ@tﬁ{lblpéﬁd:@ meﬂiﬁo%-TEWﬂhO)ea corﬁpéurldtcﬁ th
wher e t he subs uents of

th , g
R GirecHe (38 e Re SiveloPiRs Faveiiyl i sio - >CREOR hers
ungu sy HERP-having A tH BLaRSTH AGHS BAdBHa tompb@idbidhe

structure (IV) where Rs, Rg, Ry and Rg = methyl group and Z = ><O :

A process according to either of claims 4 and 5,
characterized in that
the two compositions (AB) and (CD) are added to the monomers separately

from one another.

A process according to at least one of claims 1 to 6,

characterized in that

the monomers used are vinyl-substituted aromatics selected from
divinylbenzene or styrene, alk-1-enes or alka-1,3-dienes, which may be either
substituted or unsubstituted, selected from ethene, propene or propylene,
butadiene, vinyl acetate, (methyl)acrylate, acrylonitrile, acrolein, N-

vinylformamide, chloroprene or isoprene.
8. A process according to at least one of claims 110 7,

characterized in that
the monomer used is butadiene or styrene.
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characterized in that the polynerization inhibitor (D)
used is 2,2,6,6-tetranet hyl pi peridine N-oxyl (TEMPO,
4- acet am do- 2, 2, 6, 6-tetranet hyl pi peri di ne N oxyl

(AA- TEMPO), 4- hydroxy-2, 2,6, 6-tetranet hyl pi peridi ne
N- oxyl (4-hydroxy- TEMPO) ,

4- 0x02, 2, 6, 6-t etranet hyl pi peri di ne N-oxyl (oxo- TEMPO),
a compound of the structure (1V) where Rg, R6, R7 and
QQQANJFEHE\"CO&EEQM@O@M Z = >CH OR9 where Rg = al kyl
group havin to 6 carbon atons and/or a conpound of
th@hwtgfﬁedd'ﬂmaé (1V) where R8, R6, R7 and Rg = net hyl

¥
0 omfon ooy b RgRSES on e i 6 S

contfin) bpeseson wg)ol%fmaﬂmsa&w@tealdn@apmef, freé Imh@rnﬁsf%arder

SeRBJ”&ttﬁé&ruét&?(ﬂre another. 7 A process according to
|'east one of clainms 1 to 6, characterized in that

t he nononers used are vinyl-substituted aromatics

sel ected fromdivinyl penzene or styrene, alk-|-enes or

al ka- 1, 3- di enes, whi ch be either substituted or

unsubstituted, séirec m et hene, propene or

propyl ene, but adi eng nyl acetate, (nethyl)acrylate,

acrylonitrile, acrol®ia; Nvinylformam de, chloroprene

or isoprene. 8. A pro.bss according to at |east one of

clains Ito 7, charagteérized in that the nono ? used

IS butadiene or styrene. 9. A nononer conposition,

characterized in that the nononer conposition

conprlgﬁ r.&romlo ppb (mMm to 100 000 ppm (M m,

based on thRe ol efinically unsaturated nononer, of at

| east oe retarder (B)-OeRs;the structure (11) where:

Ry and/or R; = methyl group or tert-butyl group,

R, = alkyl or aryl group, where the alky! group have 1 to
6 carbon atoms,

where the subsiituenis of the R;, Rz and R; type are the same or

different and are unsubstituted.

10. A retarder-containing composition,
characterized in that
this composition comprises
- asolvent (A) selected from benzene, toluene, ethylbenzene or styrene,
and

- at least one retarder (B) of the structure (ll)

H X (I

where; , _
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X= Rl and/or R2= nethyl group or tert-butyl group, R3=
al kyl or aryl group, where the alkyl group have 1 to.6
carbon atons, where the substituents of the R, R2 and
R3 type are the sane or different and are
unsubstituted. 10. A retarder-containing conposition,
characterized in that this conposition conprises a
solvent (A) selected from benzene, toluene,

et hyl benzene or styrgng.rgnd at |east one retarder (B)
of the structure (I11) O where: X= Rl and/or R2=

net hyl &n@0f/o6Rzt er t FHRIDY GGPWR Y, tenRbutybgmeyP. or aryl

group, where the al k¥la[|@[ Qm%%,%ﬂegbn@e%{ﬁ)gggﬁt&%4 to

where the substituents of
the sanme or differenf cam®natemsnsubstit ut ed.

where the substituents of the R;, R, and R; type are the same or

are

different and are unsubstituted.
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