Process for stabilizing olefinically unsaturated
nmononmers The invention relates to a stabilizer
conmposition which is suitable for stabilizing
olefinically wunsaturated nononers during production,
purification and storage, and to a correspondi ng
process for this purpose. During the preparation of

ol efinically unsaturated nononers, for exanple ethene,
but adi ene, isoprene, vinyl acetate, (meth)acrylic
acid, (meth)acrylates, acrolein, acrylonitrile or
vinyl - substituted aromatics, these olefinically
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purification process steps, for exanple distillation
or extraction, in order to renove undesired by-
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stillation process steps in particular are perforned
amnsaglreipd modomenyguring production) ifigition ang stormesane it peprresponding

ﬂgﬂggﬁ£§m_35%§j9re have a tendency to unwanted

neriza early as during the preparation
and/or purlflcatlon process. The risk of
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eS|re I'rstly, it results in deposits of the
polyners in the reactors and columms, and secondly in

%&?ﬁ’g 4 %Illlgsl?lﬁl{% g oﬁl&n@rg H}ereggrle gX‘? 4 égéle%c fed po 1| ymerization as

.- among” other resul'ts,
taly R dutiegithb adpatatiam sddéor punﬁlcitnbn\pmh@&d Thphdmf ppbmegzatlon exists in

hence.to, a reduced t
Al e eREs R RoRSHE - PR o olals bApdilc e of hese olefinicall
GRURELEH BoEbnikes, kﬁémk@ﬁle\hutddmh&mowHVﬁse\tenddm@&tW or in the course of
Thi s has the-congequence of Ianged |nt rrup tions t%eef
wansaert Risghave htepiey to 3 Fpogipn &6? FreafingTeore

Reza{dhﬁsﬁl_ﬁﬁénza@&?ry shutdown firstly causes repair and
cl eaning costs; secondly, a shutdown al so causes a

production shortfall and so it is always attenpted to
ﬂ{oweve_r, the comparatively creeping polymerization of olefinically unsaturated monomers

during production and purification is also undesired. Firstly, it results in deposits of the polymers
in the reactors and columns, and secondly in a reduction in the amount of available monomers.

Deposits of the polymer can lead, among other results, to reduced heat transfer in individual

plant parts, and hence to a reduced productivity.

In addition, plant components, for example filters, can become covered and be blocked with the
undesired polymer. This has the consequence of unplanned inten'uptibns of production, in order
to be able to carry out cleaning of the plant. Every shutdown firstly causes repair and cleaning

costs; secondly, a shutdown also causes a production shortfall, and so it is always attempted to
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avoid themor to mnimze their nunber as far as
possi bl e. Consequently, additives, which are referred
to either as polynerization inhibitors or as
retarders, are added to the olefinically unsaturated
nmononers generally as early as during the preparation
process. Polynerization inhibitors are, as the nane
actual ly states, capable of conpletely preventing
undesi red pol ynerization. Polynerization inhibitors
are, however, consuned rapidly, and so the pol ynmer
content rises just as significantly within a short
LS dr fo ARiABYIdMAREas RERPoadled. Pol yneri zati on
retarders, 1n contrast, can never conpletely prevent
pol yneri zation, but rather only slowit. At the sane
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PBEECHT- car ci nogeni ¢, nut ageni ¢ and/ or
reproduction-toxi c properties. The use of these

njtraaromatics thereforg entails corre ndi .ngl hi gh
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chilec tshBTeTRE Qitrdx§] fadRale ¥eEH as¥2,6 Bedtgictiyisiperifind Nexyl (TEMPO) or
nitroaromatic-containing residues of the ﬂistillation

depiatinsssherenfy Thegrphaneigatign retardgrs psedigge generally nitroaromatics, for example
2,4-dinitro-6-sec-butylphenol (DNBP), 2,4-dinitrophenol (DNP) or 4,6-dinitro-ortho-cresol

(DNOC). Nitroaromatics exhibit good retarder properties, but also possess serious disadvantages.

For instance, they are generally highly toxic and possess carcinogenic, mutagenic and/or
reproduction-toxic properties. The use of these nitroaromatics therefore entails correspondingly
high safety precautions on the part of the user. Furthermore, in the event of incineration of the
nitroaromatic-containing residues of the distillation columns, environmentally harmful NO,

gases are released. Attempts are also made to avoid this as far as possible.

2



gases are rel eased. Attenpts are al so nade to avoid
this as far as possible. 2 To prevent polynerization
in the preparation of vinylically unsaturated
conmpounds, as well as the abovenenti oned substance
cl asses, there are also many further additives which
are known fromthe literature and can be used, for
exanple G and/or N-nitroso conpounds, hydroxyl am nes
and oxinmes. Al of these substance cl asses, just |ike
the nitroaromatics, have quite a high proportion of
undesired nitrogen atons which can leave as NO in the
| ater incineration process of the distillation

resi dues. A further known substance cl ass for

reventing this undesir ' ' ' :
PGS PoEe el T pfsg e S ) eyt BmeRlnds, o wella
U8 8bSferdehiihes bitstaatcassésativrd ¢ alisorhiaby furthgr adddives which are known
gslynerization of styrepe is qe crkﬁegﬁb%@Bacha eé
m theiteratuze YFBHOUSHAGOR PR A CUBUTOAFGT SIS &
Wag)x%mﬁhéstaﬂg Bime®fAll BEHLERE su@d’ﬂﬁicglcih_sstey, pest lik@the dBroaromatics, have
ydr ogen, an alﬁyl group, a cycloalicyl group or an
it iadmeh prypaatitnfusdesired niftogen pRBSyYhichfeg Eﬁﬁveérﬁ WO he later
.659 and EP 0 7 I ri be qui none nethi des
W%Perg{;(gbﬁ)rf)lcezsa?tﬁ%%‘%g la?nigﬁ ger?g@gg t he qui none net hi des
used in EP 0 737 659 havi ng hydrogen as the
sybstituent of the R'' type.. d [ I :
ARt SHr st Br e o e pRl e Pl GBI et of quinone
AshitiBeo b Gtuctuent 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, -000R -CONRR and -PQ(OR)2, where R nmay
be hydrogen ot anljal kyl., cycloal kyl, phenyl or aryl
group. In EP i too, the use of these quinone
met hi des wi th st gl y el ectron-w t hdraw ng
substituents in c«Pbination with nitroxyl radicals is
descri bed. 3
R R ®.

The use of this substance class for inhibiting the polymerization of styrene is described by Bacha
et al. in US 4,003,800 and also in US 4,040,911, where the substituents ofthe 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 quinone 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’7>’ type. EP 0 737 660, in contrast, describes the use of quinone methides with substituents
of the R”>>’ type selected from —CN, ~-COOR, -COR, -OCOR, -CONRR and -PO(OR),, 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 is described.



The use of quinone nethides in conbination wth other
known additives for inhibiting polynerization is

descri bed by sonme patent publications. Quinone

met hides in which R"* _  hydrogen and R'" = aryl

groups which may optionally al so be substituted are
described in WD 99/48896 and US 2005/ 0027150 in

conmbi nation wi th hydroxylam nes. In contrast, US

2006/ 0020089 descri bes these qui none nethides in
conmbination with 4-tert-butyl catechol. Quinone
nmet hi des where R'' = hydrogen and R'" = hydrogen or an
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at Ieast one nitroso conpound as a pol yneri zation

inhibitor. This polynerization inhibitor conposition
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igfipitor B g P LRIy MORE of fPRsPVEEODLAeairiagd quinone
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with the currently frequently used nitroaromatics,
but at the sanme tine has at | east a conparable
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nitroxyl compounds, is described by Benage et al. in WO 02/33025 A2.

It was an object of the present invention to provide a stabilizer composition for olefinically
unsaturated monomers with a reduced toxicity as compared with the prior art. More particularly,
the intention was to provide a retarder which has a reduced toxicity as compared with the
currently frequently used nitroaromatics, but at the same time has at least a comparable retarder

activity to retarders according to the prior art and which can have synergistic effects with the

nitroxyl radicals.



4 1t has been found that, surprisingly, conmpounds of
the structure (I1) are suitable as retarders for

ol efinically unsaturated nononers. For instance,
conmpounds of the structure (I11) have conparable
retarder activities as conpared with the conventiona
retarder 2,4-dinitro-6-sec- butyl phenol (DNBP) (see
exanples 7 and 10). This was conpletely surprising
since the prior art does nention the qui none nethides
in connection with inhibition of polynerization, but
t hese qui none nethi des, which have strongly

el ectron-wit hdrawi ng groups as substituents of the X

type, are conventional polynerization inhibitors ich
Aihas baen fowndthatesurprasingly compovidaekige vigeture FHAreuaade agretarders for
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EehAOKSP (JeexahBoTE | TRl ddRidnahe tditbisitionaf teeuinbohg methides of
are stable in all nonpolar solvents, _.and so use, of

the stecturg (s @itrrsyhradiselshas & syagteistic sHed a8 praereq Wit e individual
hapdhing. It is advantageous that the solvents need

not necessarily be the nononer to be stabilized. The
retarder action is not inpaired even when the quinone

@g‘tﬂ@ b%ﬁfbﬁt?ﬁ_gig&‘é_uzg B B gﬁ_ﬁm_ﬁ%gﬁmeé AISRE t6%iBMPCeompared with the
a- 10C). e rnventi1 o provi des a process for . .
sitredsbhptzdsigexphetd. Mihe abé of thess quinert mefhidonofthe srucimeBiliewise
%18&% ?tigegeréxglsesriénc% 61,! o] gr!agesctg gp?e%{lééd%g c&xﬁ@re&@itﬁ 'Ehe 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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5 a solvent (A) selected fromsaturated or

unsat ur ated, branched and/or unbranched, ring-closed
and/ or open-chain aliphatic or aromati c hydrocarbons,
ethers or esters, each of which has 4 to 20 carbon
atons, or nethanol, and at | east one retarder (B) of
the structure (I1) R R2ZHX(lIl) where: X =

hal ogen, -O-R3 or -S-R3, Rl, R2 and R3 = hydrogen

al kyl, cycloal kyl or aryl group, having in each case 1
to 15 carbon atons, where the substituents of the R1,
R2 and R3 type are the sane or different and are
substituted or unsubstituted, is added to an

ol efinically unsaturated nononer or to a nonaomner

mi Xt ur ea wdiiah (Apseacted donasaturpied ot unspiuratide biapshed lapd/or unbranched,
unsaturate nomer. The i nyentio . ldesya.
nmonomer "5 'einlg}c??ﬁ %\?ﬁ'%}?mc%‘ H}}ticsogglf © ratct}?n%&'%l%%gb%h%n‘? s or esters,
to 100eR00f pRithHaE Mo 200&8km atvind, hemetheddlpandal | y

unsat urated nononer, of at |east e retarder (B) of
the st r#ideastenerpiayder @i%fﬂ?erﬂ‘?é‘ﬁ’f]feéﬁ&l i kewi se provides a
retarder-containing conpogi ti on which conprises - a
sol vent (A) selected fronjsatyrated or unsaturated,
branched and/ or unbr & ri ng- cl osed and/ or

open-chain aliphatic or {ardmati c hydrocarbons, ethers.
or esters, each of whic as 4 to 20 carbon atoms, or
met hanol, and - at |east @gne retarder (B) of - the
structure (11). In the prockss according to thedl
invention for stabilizing olefinically unsaturated
nononers, a 6 retarder-containing conposition (AB)

whi CRyeaapri ses
X = halogen, -O-R3 or —S-Rs,
R, Ry and R3- = hydrogen, alkyl, cycloalkyl or aryl group, having in each case 1
to 15 carbon atoms,

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

substituted or unsubstituted,

is added to an olefinically unsaturated monomer or to a monomer mixture which comprises at

least one olefinically unsaturated monomer.

The invention further provides a monomer composition which 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 (1I).

This invention likewise provides a retarder-containing composition which comprises
- asolvent (A) selected from saturated or unsaturated, branched and/or unbranched,
ring-closed and/or open-chain aliphatic or aromatic hydrocarbons, ethers or esters,
each of which has 4 to 20 carbon atoms, or methanol, and

- atleast one retarder (B) of the structure (II).

In the process according to the invention for stabilizing olefinically unsaturated monomers, a
6



- a solvent (A) selected fromsaturated or

unsat ur ated, branched and/or unbranched, ring-closed
and/ or open-chain aliphatic or aromati c hydrocarbons,
ethers or esters, each of which has 4 to 20 carbon
atons, or nethanol, and - at |east one retarder (B) of
the structure (I1) R R2 HX (l11) where: X =

hal ogen, -O-R3 or -S-R3,. Rl, R2 and R3 = hydrogen,

al kyl, cycloal kyl or aryl group, having in each case |
to 15 carbon atons, where the substituents of the R1,
R2 and R3 type are the sane or different and are
rBtibddrichathiathg RbmyPOStRs(AR) g h cérBpradded to an

ol efinically unsaturated nononer or to a nonomner

m xture which conprises at |east one olefinically

unsatur af enMOQEREed BAH dafikthiBl oPEREEFBACE ahhed bYBE UnBranched,
the process according to the invention to using a

r et ar deting-doset ahdprepesadrposiliphaie of ARMai hydioeasbgus; atlesss or esters,
from 45 . 9% i f th v (A and
fromO. ?91% épg}%g%g/%%@%v%ﬁle Cf;ﬂ%t%ho Orﬁﬁglerrngt?%r}o?fe%% d( B), but
par t i-c udt &rastpme ta@srdardB) o6 thgistrectuteqIIyisi ng a
retarder-containing conpos ition (AB) which conprises
from60.0 to 98.0% by weijght of the solvent (A) and
from2.0 to 40. 0% byRwejgnt_d¥2 the retarder (B). In
the process according t e invention, it is

advant ageous to ensure itabl e solvent whichis 7
conpatible firstly with the ol efinically unsaturated
monomer, but also wthheyretarder (B), and thgt
there cannot be any undesired reactions.

where:
X = halogen, -O-R3 or —S-R3, .
‘Ri,R;andRs = hydrogen, alkyl, cycloalkyl or aryl group, having in each case 1
to 15 carbon atoms,
where the substituents of the R;, R; and R; type are the same or different and are
substituted or unsubstituted,
is added to an olefinically unsaturated monomer or to a monomer mixture which comprises at

least one oleﬁﬁically unsaturated monomer.

Particular preference is given in the process according to the invention to using a retarder-
containing composition (AB) 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),
but particular preference is given to using a retarder-containing composition (AB) which
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).

In the process according to the invention, it is advantageous to ensure a suitable solvent which is
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Sui tabl e solvents (A) in the process according to the
invention are therefore nonpolar aronmatic or

al i phatic sol vents. Advantageous solvents (A) for this
pur pose are those sel ected from benzene, nono- or

pol yal kyl ated aromatics, al kanes, cycl oal kanes, ethers
or esters having in each case a nunber of carbon
atons of 6 to 15. In the process according to the
invention, particular preference is given to using
benzene, tol uene, ethyl benzene, xylene or styrene. In
a further enbodi nent of the process according to the

v e gﬁle%‘sﬂé’ 0\%18'1 the {e%g{cglgf\ﬁ{smuﬁté&nb’rﬁﬁ%&%h A504ith ItHe rEtlal%ler (B), and

“?%% Ss ac I nvention e sol vents
wﬂﬂﬂmﬂammbﬂu&mb&mﬁamzénmﬁxmsluene ethylbenzene
xyl ene, styrene or nethanol. In the process according
to the invention, it is also possible to use m xtures

QfitableisbRBAE (S)ah Yl%’B@ce(ssAaocoﬂdmgt B €heCinVinginh arefthdréfose nonpolar aromatic or
invention, aretarder (B) is und rstood to _nmean
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which forms within a given tine
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addition of a refar r rth
R
dnibodinhent bhthe pRsessabcoadingtoahe inivemtidny it it possibledo use methanol. In the

nononer t hoyt .addi.ti of a r ar
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The use of nitro- or nitrosoaromatics as

: noaﬂalﬁ ERoss THEIUERS G aéalb}?éP’éfenWé particul arly,

retarders (B) of the structure (I11) which have, as the
substituent of the X type, an 0- R3 group are used. ﬂi )
T thei conts, ofitlpis trwentmnoe eatarderd By isdinderstogd foaean i comnoppd which is

%f %éaﬁl? Eio%ljl &E)z@l 1&?5?@(@ﬁ&$all?]rtﬁﬁsa$&rﬁ%g Eﬂbh@rlrz\l)ez:r The amount

Q

ave t1tuents of [ or
of wiemelawhmh lﬁyhs vg&mupglaﬁn tiwe in targse of poofsTiaicallygsgurated monomer

£
g?%oH é)%a {e rése ﬁln f’/eg% Ilota{']e? é}r@g‘ tﬁ%’ %ﬁ?ﬂn@ ?f élb? eﬁ?}gglglss’ formed within

ﬂhh&malukme cae@\i ps ofefiefceliyalrsytutead mgndmetr vioutzaddiion of a retarder.
atons. In the process according to the invention,

particul ar preference is given to using retarders (B)
THD R4 BB S lﬂalespw&&s' dcdexding t6 thetifreenRon m@eefexahlyabcklyﬁvely retarders

g%? haV|n? to 6 carbon,  atons, nore U% rticul g M
ctigrie (B} e ugs fupro-§T PHTOSPREORESES LRIEEs IR eii ere. More
phr€ulbaDy, S8kAdeR éB)’@f the Rchir€ UK hiBk B4R, tBEsubSti@ema tHeXX type, an O-

using a retar
R3 group are used. In addition, in the process according to the invention, more particularly,

retarders (B) of the structure (II) which have, as substituents of the Ry and/or R, type, a methyl
group or tert-butyl group are used. Suitable substituents of the Rs type in the process according
to the invention are alkyl or aryl groups, the alkyl groups preferably having 1 to 6 carbon atoms.
In the process according to the invention, particular preference is given to using retarders (B)

which have, as substituents of the Rs type, an alkyl group having 1 to 6 carbon atoms, more

particularly a methyl or ethyl group.



(B) of the structure (I1) which has, as substituents
of the R type and R2 type, a nethyl or tert- butyl
group, and, as the substituent of the R3 type, an
al kyl group having Ito 6 carbon atons, especially a
met hyl or ethyl group. In the process according to the
invention, it is also possible to use m xtures of
these retarders (B). 1In the context of this
i nvention, olefinically unsaturated nononers are
understood to nean conpounds which have at | east one
C-C doubl e bond and are capable of entering into a
: : - ome | _ e di
P R s Lk Rer Dy PR RURF BRI AE0 R g0 Wing aretander
®nef tid efuicire@l) Iwhichules s wntzstibgnivof thedt: tyre aag Re dyrfer omethyl or tert-

bﬁt:yC%ﬂg}}?, %&,tzaiéhgetsg stﬁée(roy[c?%é theg ﬁé glﬁag,rﬁn%él%ayg%ogp having 1 to 6 carbon atoms,
eseliaily a BrethyEtashyl \Whiuph nay’be ei ther substituted or

unsubstituted, for exanple ethene, propene or
propyl ene, butadi ene, vinyl acetate, (neth)acryl ate,

IAGE ¥loRBistabddring tARE BlvBhtibn, MisvdistyddsGBRAaFustamixtures of these retarders (B).
chl oroprene, isSoprene. Preference is given to using

olefinically wunsaturated nononers selected from

Ingﬁip 85}1%? + BF BRENGerBbn RGN ?nsa 1488 LRRGmers 3RUHRBRt00d to mean
Fviny or styrene.’In ding to

enzene e process accor ,
. cdniyuhds/ehich bave ap bastiona CaC dpubdd eondrang arescapgfile efenteing into a
qsiq&@gutadiene or styrene. In the process according
PYFPBIPI BN, it is possible to use either one

compound of olefinically wunsaturated nononers or a

j xture of djfferent olefinigcally. unsaturated .
FRRETSE SCSOFRE D (B BREXO RTINS B WM Gt g olefinically

urlsR@rak A AbRder S8 S R @hﬁpﬁm@éiﬂu_teid%rﬁﬂﬁ);, foSexafrpleditilPenzene or
added as a solution to the olefinically uns turat%g,
styre T S eneaQy alke-d gedigrdsyWhigl mag pp eifaer sistituted or unsubstituted, for

e %&réa%é,%gﬁeﬂé Bt PpHens PethdibR) vinBlcetdie, (HABTUCAIRS Sicrylonitrile,
accordingto the invention, a polynerization . .
acraiindN tvinrylfoumanaide, shilpremersotsprreas Prafespnesis given to using olefinically
ol d £ vRfadiefe,ti :
B A S D
divinylbereenoor stywerteh b tiro powvess andoxding & the poleytiy; paréicilarpreference is

.inhi bi.tor-cantaining conposition (CD) 9 which
gﬁﬁﬁ%ﬁpﬁg%égéLQ?%ﬁﬂﬂﬁﬁﬁg((3 sel ected from saturated or
unsat ur ated, branched and/or unbranched,

In the process according to the invention, it is possible to use either one compound of olefinically

unsaturated monomers or a mixture of different olefinically unsaturated monomers.

In the process according to the invention, the retarder-containing composition (AB) is preferably

added as a solution to the olefinically unsaturated monomers.

Advantageously, as well as the retarder-containing composition (AB) in the process according to
the invention, a polymerization inhibitor-containing composition (CD) should additionally also
be added to the monomer or to the monomer mixture. Preference is given to adding to the

monomer or to the monomer mixture a polymerization inhibitor-containing composition (CD)

9



ri ng-cl osed and/ or open-chain aliphatic or aromatic

hydr ocar bons which have 4 to 20 carbon atons, or

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

atons, or alkyl acetates where the al kyl group of

this ester |likewise has 2 to 20 carbon atons, or

wat er, and - at |east one polynmerization inhibitor (D)

ructure (IV) ZR5>1 /R7T R6 NR3 Q ~)

“m§%‘£9$n%% R6, R7 and Rs = al kyl group having in each

case % stlvert (Cpsebmteddtonirsgturzted o> GR@RFaicd, bBnted a@ffoOhhbranched,

>CH NRORi

ot oreaekisen &@@5@%@2@%@@“%%%%@%have 41020

al kyl c&BQ&'ﬁoﬂﬁ@‘Ur BRkohdls 826 HerS BSEnglintedctbcat @l QDIO @dﬂS&ﬁEatoms or alkyl
Hal = fluorine, chlorine, bromne or iodine, in =1

to
4, wh e¢eéat@sr@es®1b§ glloyligrors obthisdsist Reewirghas R0 2gkgarbggatoms, or
and ' %x@ are the sane or different and are
substitu or unsubstituted. In the process according
t 0 4 het leasv et pobymerjzation mbibitor (@) ef GrestoguieI\g ven t o
adding to the nononer a polynerization
i nhi bi tor-containing conposition (CD) which conprises
from35.0 to 99.9% by wei ght of the solvent (C) and
fromO0.1 to 65.096by wei ght of the polynerization
inhibitor (D); very pprticular preference is given to
addi ng a conpo§$ on whi ch conprises fromi0.0 to
95. 0% by MEIghRGOf yhe Bol vent (C) and 10

av)
- where: .
Rs, R, Ry and Rg= alkyl group having in each case 1 to 4 carbon atoms,
z =>CRyR 9, >C=0, >CH-OH, >CH-NRgR 1, >CH-Hal, >CH-ORG,
' ' o ORg
el <,

. >CH-COOR9, >CH-0-CO NHRg ORyo,
Ry, Ryo = hydrogen, alkyl group having in each case 1 to 6 carbon atoms,
Hal = fluorine, chlorine, bromine or iodine,

m =1to4,

where the substituents of the Rs, R, R7, Rs, Ry and Ryp type are the same or different and
are substituted or unsubstituted. '

In the process according to the invention, particular preference is given to adding to the
monomer a polymerization 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 polymerization inhibitor (D);
‘very particular p-reféfénce is given to adding a composition (CD) which comprises

from40.0 to 95.0% by weight of the solvent (C) and

10



from5.0 to 60.0% by wei ght of the pol ynerization
inhibitor (D). The solvents (C) used are preferably
sol vents sel ected from benzene, nono- or polyal kyl at ed
aromati cs, al kanes or cycl oal kanes having in each case
a carbon nunber of 6 to 15. In a further enbodi nent
of the process according to the invention, it is also
possi bl e to use an al cohol selected from nethanol,

et hanol, n-butanol, or an al kyl acetate selected from
ethyl acetate, vinyl acetate and butyl acetate, or
wat er as the solvent (C). The use of a m xture of

di frbmr 64tto 6&0Ydmtweight Of tepolyrieszaiog dukitqrdDy| 5o
conceivable. In the context of this invention, a

pol ymerization inhibitor (D) is understood to nean a
THREPB it (Whisedark prefapiab selvarts selacted diokybanaensl wprg-yr polyalkylated

preventi ol zation of t oIefl i ca

e g SsYOREkARs e e parben %%f BEQ {Og- 1o & further
boliim RO HNBprodts hORrdEEL e ineritidg, iCBABoPbssitae to use an alcohol

ol efinicall unsaturated nmpnomner m%tho

splobigdBpmEaath ol PARRY -bFLoR, G P LG AL PR Fouhy! acetae, vinyl
a'i:gcgte Qg& bl\%?l dﬁ:@ta{eh@r WRSEs Ue Bve (@2 I7HeGR¢ bia MD&@t BF &fRebnt solvents

ynmeri zation inhibitor. In the
(ﬁ)mnh8$nat$osd&ngnm@vﬂﬂe i nvention, preference is
given to using, as well as the retarder (B), a
pol yneri zation inhibitor (D) of the structure (1V)
IvErRroBntek:, of BGs 1nRé’ntﬁ)ﬂda Bﬂymeninatimy inhijxitou@) i$ pndetsheod to mean a

Cg&g‘%‘gﬁzﬂg Clg éalﬁg& of v{%gh ﬁg | s Ete péévg Yihe pcﬁ%éﬁz%mn?gf the olefinically
uh@atu[r@t@@mﬁérﬁérﬂﬁf 4 €irfagh Périod yl‘he(p'EE{’)lPﬁ))tﬂ polymemzatmn occurs in the case of

4- acet am do- 2, 2, 6, 6-t et ranet hyl erldlne ghﬁggAeﬁmﬁmthI
a pigfigcall yunsgrassdmonomes Ve Ry f*‘b?npl&%lﬁ fipn LS

tﬂe‘elpeﬁxg Oy &ENPQ) olefiniOA B wisaAudted monomer with a polymerization inhibitor.
tranet-hyl pi peri di ne N-oxyl (oxo-TEMPO), a conmpound

of the structure (IV) where R5, R6, R7 and F-8 =
Ixﬂ&te :ﬂyclce%r %ﬁg tée mw%%n,q:)ﬁféf@fcé & giverrto ki) asgﬁéll% the retarder (B),

on atonms™ and/or a conpound
a$b1yumnu$t®n(1mh@1tqmﬁlé} of the strrgire (1Y) aheareRs, Be, RutaA§ Rs glr@ﬁg]ﬁrl group. In
et UL BB SETTRRPL ARy 06 pin 266
tdtﬂaﬁﬁ&lylmhﬁm rN-mﬂ I(T)IEMP@bu adensd(-DY.6,4-tetremethpipineadine N-oxyl (AA-
TERE Bt %% R Ibipphlint NBRT RGOt PrEVIYS, ¥co-2.266-
tetramethylpiperidine N- oxyl (0x0-TEMPO), a compound of the structure (IV) where Rs, R, 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, R7 and Rg = methyl group and Z =
Pt
O .

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

polymeﬁzation inhibitors (D).

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

11



pol yneri zation inhibitor (D) independently in
different solvents. However, it is advantageous to

di ssol ve both the retarder (B) and the pol ynerization
inhibitors (D) in the same solvent. The two
conpositions (AB) and (CD) can be added to the
nononers separately fromone another and if
appropriate at different netering rates. The two
conpositions (AB) and (CD) can also first be m xed
and then supplied to the nononer. Preference is given
to adding the two conpositions (AB) and (CD) to the
pmmmzmmaxpihmt@) indéendentién diffsrantsolvents. Hpywevesdtis adkitantageous to

dltxs{%glvgl g@%ﬁ %{42:9({{) é{ and @&%@oﬁﬁnﬁl@%ﬁ&aﬁ@xﬁ%%@n@ Qolvent. The two

BIPE8ESns (ABY alX@p lcgn By @ﬂadi &l the oAt mea mﬁarmy fromn one another and if
process. These conpositions can be addé @ﬁ Iso ficst b
approRtie at G RAEIE ToiFS B SR FOIRARIIgRE LWHQ Mg §lso first be
nB%@%nd%%x dﬁgﬁlﬁg%the nfRY AR POFQESleYs givBERIGARNERT WD kéMBositions
can In the process accordln to the invention
(AB) am&ﬁﬂ)é@dlesmqnemsaﬁpamj@lb’é@ﬁmn%ﬂ@l 8% |l ation
colum, into the inlet and out I et of a heat exchanger
or of an evaporator ("boiler") or into the inlet and
Twthid enteaf, tiee compdgtisBi(AB) and(@i)tdanalso bnaddeé tothe clsggically unsaturated
accor di to the inventi se cQ
R R B G
chrabK E1de@To thO'@nseluiddnh@mdinteys m@tomwmdmhpmmd prtoe art methods.
term"effective anount" of rafiaad;del{ n% %aléhi On o oni
Adxpntagepily.ithese EINROSIHORK tan e aff§ % Of 0 the mvention n

abNPERE staRtb R RaR dishBatRARY RN fritd @k @ﬂ&@iﬁd ohtlet of a heat exchanger or
Folynerlzatlon i nhi bitor which is needed to d

0 pirepareter (‘bpiderPros e g)‘eénlﬁbqn)dr?@igletﬁ@lcgﬁieafertlﬁ égdltlon, in the process
a%ﬁg%w ﬁéplkﬁﬁ]ﬁ@ﬁ ahA4E Ab:GFosit IR OABY snd 1?5}5p§oﬁfafe€{@b) ¥£h also be added in

ends on the conditions” under which t
stotagk itanke folr the olefimgaliyineseadatedbmonamers.s st ored or
handl ed. For exanple, in the case of distillation of
the wunsaturated nonomer, owing to the relatively high
Theteperaffettiesamnonait’t dfectarleadr poémfeﬂzh@dn inkibiteran theepontort aifthis

ur|t| a .hi gher , anpunt er . o
mb/gﬁ fsfogﬁ t(f %ﬁ%tlh? 8?10?%'( o e or ?h@ﬁ%ﬁga‘c{%ﬁ 1nh(1:bal’c30é which is
nélie® toQTeR@Gar &f pr&xhzﬁt (i1 p&[’f&ture Bﬁl@frﬁﬂﬁdﬁdoy of the oldfi@icpilypeesstmrated

N

uﬂsMeﬂQ&MS(sfgrm or@ﬁﬂdl@@ FHor BX dlﬂé aib’th)é c@sfe oF¥QispAp#ton of the
(rrin) to 2500 ppm (m retar éj
fugates ponemes P WiRE oY r@lratlc@y hightempe fé‘ﬁfeﬁ fad the relatively high

0091}38{ thallb gf{ Réuﬂﬁl%aé H %ﬂlm retakder @{dﬁtﬁgr&@zaﬁ&?mhlbltor is needed

I Nl CcCa unsat urat ed nononer or to
than in the case of storage of the monomer

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



nmonomer m xture. 12 The inventive nononer conposition
conprises from10 ppb (mMn) to 100 000 ppm (M n,

based on the ol efinically unsaturated nononer, of at

| east one retarder (B) of the structure (I1) R R2

I HX (1) where: X = halogen, -0-113 or -S-R3, Ri,

R2 and R3 = hydrogen, alkyl, cycloal kyl or aryl group,
having in each case 1 to 15 carbon atons, where the
substituents of the RlL, R2 and R3 type are the sane or

dihk fireveative mombraer eompbstiint eotrgaisesdrony ih& s é/m) k0 OpR@pm (w/m),

TR O s RS LB oTRE & BLELR8Aldkr B) of the sructure (1)
preferably 10 ppm onfm to 2500 ppm (m m, of the

retarder (B). The etaﬁders conprised in the inventive
nononer conposﬂt' are’preferably excl usively

retarders of thelstrlcture (I1). Nitro- or

nitrosoaromatics ay retarders are dispensed with here.

The inventive nonomer conposition conprises especially
retarders (B) of Hfhéxstructure (11) which havedlxs

the substituent of the X type, an 0- R3 group. In

addition, the inventive nonomer conposition may

CORetse retarders (B) of the structure (1'1) which

have, as substituents_of the a g{ R2 type, a

ne?%yl group or tert= @@Pﬁ@h"@ﬁﬁr %‘3table

suRstptd@n,s of the REydnips anel, E*woﬂ@h sy dryDgroay, ylkmngm each case 1
gr oups, the al kyl groups preferab having | to

carbon atons. Mre dpéﬁéﬁﬁﬁﬂﬂmﬂwthe i nventive nononer

co ' R,%hé R th¥binsd o BSere@Snd are substituted
sugggé?%%%@g o%R{ﬂﬁﬁég_ t* pe@g%ﬁfyl groups having I to

6 cawisobstiattedrs, espeC|aIIy a methyl or ethyl group

Most preferably the inventive nononer conpositions

conprise a retarder (B) of the structure 13
- 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 (1I). Nitro- or nitrosoaromatics as retarders are dispensed with here.

The inventive monomer composition comprises especially retarders (B) of the structure (1)
which have, as the substituent of the X type, an O- Rs group. In addition, the inventive monomer
composition may comprise retarders (B) of the structure (II) which have, as substituents of the
R, and/or Ry type, a methyl group or tert-butyl group. Suitable substituents of the Rj 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 Ry

type, alkyl groups having 1 to 6 carbon atoms, especially a methyl or ethyl group.
Most preferably, the inventive monomer compositions comprise & rgtarder (B) of the structure

13



(1'1) which conprises, as substituents of the Rl type

and R2 type, a nethyl or tert-butyl group, and, as

the substituent of the R3 type, an al kyl group having

1 to 6 carbon atons, especially a nethyl or ethyl

group. The inventive nononer conposition may al so

conprise a mxture of these retarders (B). The

i nventive nmononer conposition preferably conprises at

| east one olefinically unsaturated nononer sel ected
fromvinyl-substituted aromatics, for exanple

di viny. | benzene or styrene, alk- |-eves or

q "?(l)-nﬁ)ix e . | ,"a'rﬂétﬁ drt@ﬁ-butl oup,
OB PR RO, bl IR i 0f-buy] oy
aidppythe adstithodtad therR, tyns, ay dlkomoun kavingrfep §)catey pigme, especially a
acrylonitrile, acrolein, N-vinylformm de,
@ﬁ&%?ﬁﬁﬁ@i§$mPsoprene. The inventive nononer

conposition preferably conprises olefinically

unsat ur ated nononers selected from et hen en [
Bregpyanéie Mongmer-LImPAELoR TghAlsy ‘é?mmsx?iaﬁ?}f‘g‘é%‘g{etﬁ%e Ber%argers (B)
styrene. The inventive nononer conposition nore
preferably conprises butadiene or styrene. The

Thevieyokive menerosreompesiiens prefes negris Rt il est @elfdnicgihpunsaturated
COTRoYY TR S@shi L&k HRRABHSIbOzee or styrene, alk-
OB P RSOy B33 P pRATRE At or soron.
are veLlka-1 3t dibes ahislntnay bo eichenmehstitutad or Hoslstityied, for example ethene,

nononmer conpositjon, as Ll .a r , :
RGP PLeooRess Pyalhe ST celad e h R s oni e i
954y GbH @nite, \Ghlordtek, i¥oprene The mvpatietmaomep c@fmsiioh preferably
éﬁ%@éfﬁ%‘ln@qa@? luﬁymf,rne ' I@é%tgxlog%glerg %QJ&%@&% @hgr?%é)%cﬁ)gve or propylene,
W RURe, NP3 EncPaiRnSTRR e of Sifrehd) TBB iveftivEInaIRRIer composition more

conposi tions. conprise 2,2,6,6- tetranethyl piperidine

mxefenahly c(oqr@pjfp@)b,utadiene or styrene.

4- acet am do- 2, 2, 6, 6-t etranet hyl pi peri di ne N-oxyl (AA-
TEMPO), 4-hydroxy-2, 2,6, 6-tetranmethyl pi peridin oxyl
Mimgpéﬁmo%’t@ﬁp@%mpqsi@mmg COTEIESE eit%/er %n(gJ compoun ol’\gleﬁ%caﬂy

LELE [ SINANSTR [ ARsIY drefdt DX Ginl GNF GhsanRate@ BRI,
wgFatuAct mybhofle o a%‘&%’%@% B RG. L

nmet hyl group and Z = >CH OR9 where RO = al kyl group

avi.ng. 1 to § carbon atons CONDONUNGs Bfe rEth@er (B), al

IE’IS 8 OU(ST“%CH PR ?%?r%%géogl{ﬁg gﬂgﬁ‘)f met hyl eé r ougr ( . ) o
cBRfgriges 2 polyaferationmlibitart (D) of thelstrisétbre(8V)( This mbgomer composition
preferably comprises a polymerization inhibitor (D) of the structure (IV) where Rs, Rs, R7 and Rg
= methyl group. Most preferably, the inventive monomer compositions comprise 2,2,6,6-

tetramethylpiperidine N-oxyl (TEMPO), 4-acetamido-2,2,6,6-tetramethylpiperidine N-oxyl (AA-

TEMPO), 4-hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl (4-hydroxy-TEMPO), 4-0x0-2,2,6,6-
tetramethylpiperidine N-oxyl (oxo-TEMPO), a compound of the structure (IV) where Rs, Rg, R7
and Rg = methyl group and Z = >CH-ORy where Ry = alkyl group having 1 to 6 carbon atoms
and/or a compound of the structure (IV) where Rs, R¢, R7 and Rg = methyl group and Z =

0
><O as polymerization inhibitors (D).
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For instance, the inventive nonomer conposition nmay

al so conprise mxtures of these polynerization
inhibitors (D). The inventive nononer conposition
preferably conprises the retarder (B) and the

pol yneri zation inhibitor (D) in a total of 10 ppb
(mMm to 100 000 ppm (M m, nore preferably of | ppm
(mMm to 10 000 ppm (mM m and nost preferably of 10
R indanca)thd invaBies mppoméendanpositioa sy alsp cerpRrise mixtures of these
ol efinical) .uns%h rated nononer. The inventive

RAY BT O DTS g conposi tion conprises - a sol vent
(A) selected fromsaturated or unsaturated, branched

and/ or unbranched, ring-closed and/or_open-chain
"B ip¥Rutive MOROTRSTSREPPE PR BreBE A BATRPTISES W&F%”%?@@F%dr%?

A i i : ore prefera
pg)?])%ngr?zé 18){%1}}%#&?)@3% L %tﬁ%éf?@%@)?ﬂg?ﬁ)qmoo 00 Rt Bany) more preferably

eas retar the structure EII

JBI1 (oA to Wh@AGeppX(m/hasind st preforakly rl 0-PRIREY miio 2309 porm (i),
and, R3. = drogen, al k C oal kyl or aryl group,
hﬁﬁﬁ?ﬁﬁ*ﬂﬁégﬁﬁ%ﬁﬁgﬁ t%#gmfé&%arbon atoms, where the
substituents of the RI, R2 and R3 type are the sanme or
different and are  substituted or unsubstituted. The

Thedeyanfiyeretad e caAning ROFAPHGR CUMGET ti on preferably

CONPLi Seglvehf g’[}‘ BRetBd EenORtRYedyr wRhtgRtedpbratdhed smd/arambranched,
(A and from0.1 to 55.0% by wejght of the retarder
(B), bung-gloved apd/et @eatﬂhyméilﬁ%%i%OéémF}aH&E%‘B?%?f%sg%}?eﬁW osters,
by wei ok, 0f vhibRnO M caltfth s, olfehi@IAd0 to 40. 0%

by wei ght o e retarder (B).
- at least one retarder (B) of the structure (II)
Ry Ry
H X an
where:
X _ = halogen, -O-R3 or —S-Rs,
Ry, Ry and R3 = hydrogen, alkyl, cycloalkyl or aryl group, having in each case 1

to 15 carbon atoms,

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

substituted or 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),

but more preferably comprises

from 60.0 to 98.0% by weight of the solvent (A) and
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In the inventive retarder-containing conposition, it
i s advantageous to ensure a suitable solvent which is
conpatible firstly with the olefinically unsaturated
nmononer for which this retarder- containing
conposition is to be used for inhibition of
pol yneri zation, but also with the retarder (B), and
that there can be no undesired reactions. Suitable
solvents (A) for the inventive retarder-containing
conposition are therefore nonpolar aromatic or
al i phatic solvents. Advantageous solvents for this
PUrRQS & QEL1BE), 85 WRELH: bRk rig0&gBE, nono- or
pol yal kyl ated aromatics, and al kanes, cycl oal kanes,
ethers or esters having |n each case a carbon nunber
g 18 Qv re’;g%r-cgﬁ%gﬂgn gglt%nd fhs &ﬂgﬁt@ééahg]% ensure a suitable solvent
IB%p I ti on [or e &ra y conprises beéenzene,
midhemmmmnbw fhabmrﬂethen}dfmmelly)unsgﬂwmonqmeréOIfWJhlt‘fm@FS retarder-
anbﬂﬁo]Edﬂlglg?&tB os?tlflqrf . ll’en‘]ysg‘g%olé\é[ﬁ‘b?l ér? gfs%o )ﬁxge(r%ga%@ rp'b{;'%dso with the retarder
&9), ¥fhthat thé canlhiend Whaesitdd\eactiedsar der - cont ai ni ng
conposition may thus conprise, as solvents (A,
benzene, toluene, ethylbenzene, xylene, styrene or
SRt Blvent I@%&fd?‘ﬂ?é] T RivE Bl REGbnGaMpadofipdSition are therefore nonpolar
conposition so conprise mxtures of suitable
 somatinosaliphjtic sQi;verlEt Ad*@@tageow l5el vers & iy Burpose are selected from
et ar der t [ e
s iy PPl RuHARRRRIch AR Al FOER o RS B strs having i
@ich raasteraoﬁrban anmibEos 648 16e’flwr1d'eansvare@qu@fcenfa composition more
?rgf' 5%3’2?0dr?3ﬂw§?sta$%g%e@8}%g’s :ﬂ}y:fbg ﬁ%errrl\é ylene or stgrene In a further embodiment

SERERivative rételdef-dendnioBrompositiva, it stay uhsb Kmmp(ld:el thetiriot b the solvent

O s o e Stk a2 PR s HOR 4, bezns

©RIRG SylHRAzEe) Wé&eﬁyﬁﬁ@@&h@hmﬁl rms afvdete r@a)deo:fcommemg

structufe (11) “which have, iltuen s of the Ri

pmpositioRmay e CORPHIR RS Qﬁﬂﬂ‘t e sokyepiisy gr oup.

Suitable substituents of the R3 type are aIkyI or

aryl groups, the al kyl groups havin preferably 1 to 6

Anreradera theipyentive rotrderrontAiREeRRSTIOB BFRTGARyY Fgmprises exclusively
S 0 I ispensed

SRR SRR (BRI B ERRPRLIE 5 1oL ERbRet By disp

wjitlohgre.navi ng 1 to 6 carbon atons, espeC|aIIy a met hyl

or ethyl group. 16 Most preferably, the inventive

retarder-contai ning conposition conprises retarders

TR)inwdntit R tarder-containing composition may comprise especially retarders (B) of the

structure (II) which have, as the substituent of the X type, an O-R3 group. In addition, the

inventive retarder-containing composition comprises especially retarders (B) of the structure (II)
which have, as substituents of the R; and/or R, type, a methyl group or tert-butyl group. Suitable
substituents of the Rj type are alkyl or aryl groups, the alkyl groups having preferably 1 to 6
carbon atoms. The inventive retarder-containing composition more preferably comprises

retarders (B) which have, as substituents of the Rs type, an alkyl group having 1 to 6 carbon

atoms, especially a methyl or ethyl group.
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structure (11) which have, as substituents of the Ri
type and RZ type, a nethyl or tert-butyl group, and
as the substituent of the R3 type, an al kyl group
having | to 6 carbon atons, especially a nethyl or

et hyl group. The inventive retarder-containing
conposition may al so conprise a m xture of different
retarders (B). The exanples which follow are intended
toillustrate the process according to the invention
in detail, without any intention that the invention
be restricted to these enbodi nents. Exanples 1-10
M@me&r@l}l ;heammntmd:xie@,rdes{caminurmnmpgm@m eompsises istagiesy (B) of the

the ter -1 r OX zep TBG) 2
G D LS IS I Bt A Seis oo B bu! gow,
Aa &3 éstt?eﬁ’edt BEtht RY kipeOgediyl giroupsakingd. to Slaboraioms, especially a
appar at us, which conS|sts of a four-neck flask
leqbvbwéﬂumgmﬁpa thernometer, a reflux condenser, a
septum and a precision glass stirrer, is purged
thoroughly wth nitrogen in order to obt ai n an
Theyigeentive esardérnosiaiengcon3OSitign afayiabse compiian xsug of different retarders
&iyrene are added to the ‘three-neck flask and adm xed

th 100 ppm of an additive according to table 1. The
additive was added either as a pure substance

exanpl es 2-10)..or as a lutjo
xggxﬁgep gﬁ%chﬁi))lgq%grgﬁntgg%&t? 1| L’ﬁg‘%t% g-ﬁa ggcefsaaé:é&!ﬁmgw ﬁ)e mventlon in
dehB1, $hBbENEy fdndbh @t 8RN BB R Be testicted t6 ﬂiesa:@ﬂmmments '

atnosphere over the entire test period. The styrene
solution is stirred vigorously. At the start of the

ﬂ%&&ﬁgkgg_&, the flask is imersed into an oil bath
prehfeated to 110C to such an extent that

t h
Ginabbiciatly dvalahiearidikzsdgbirens is ﬁre%?ﬁ}b%%rwl frielidapybenzene (TBC)
sﬁa&: 1&er LS F(k‘{)&? ﬁf?éks%pe & 95trH§a Ea%@ft HE ¢émpberASK of P 118 inert nitrogen

atdu™s r'ox he styrene solutlon
aaﬁesphbﬁeh'ﬂheetm apparatme gw]mdnrconﬂs@ of a feyriegk flagk eg@ppedhyith 2
acgc ratel and
gqr, até %?Oéld nseL fs rpﬁ'grgdan%i% 2hidihn %‘p s@ﬁﬁ&aﬂ%ge;ﬁ@?orougmy

oomte erature
wigd rimagenh@ de.er Hhubtaie bl ay@en-firee atsosphearat 300 gt the unstablhzed styrene are

8 qi%f' %tgé fﬁﬁ%@@é QWB(X{,@“@O {nﬁt‘%ﬂ ﬁh@@a&cpﬁmg to table 1. The

afidhltlt/@ twa hdded biter ad Bpurkishstince €adathipiesi2s] O)IBSMOW’EtOh (e@mples 10a-

of h I dth d d
B Fhe el 0, L0, S, 1108 oL 8Bl o s

nﬁﬁdg@ﬁ Q{nﬁ)sglﬁré SRR tﬁ@eéngfk&gst pEh8d. ThRIstger@ebRiIioh Batdmaddigorously. At the
t Initi dg¢t are used to determ pe

he
stogsrof ¢t exgerimoéntfbe {laskis inpRerged into an oil bath pre; eated to 110°C to such an
extent that the stabilized styrene solution is completely immersed. After the i 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 ml 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 polymer. This
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17 polynmer content is plotted against the reaction
time. It can be inferred fromthe curved profile
obt ai ned whether the additive acts as a polynerization
inhibitor or as a retarder. A typical curved profile
iIs shown in fig. 1. The period wthin which a pol yner
content of 2% by weight has forned, and al so the
pol ymer content after 180 minutes, are determ ned from
the curve. The results are shown in table 1. Table 1:
Exanpl e Additive Modde of Tinme until polyner Polyner
content after action of content 296by meight is 180

m nutes the additive present (in %
paiymer tomBent igplotied3gainst thereagion types It caég e,q f@rél{he curved profile

bﬂa}ﬂeg e{herl%% rgd gve %‘a fg‘lﬁﬁ’@rﬁhﬁ&f mﬁégOIAOr%.S a%&ﬂ B typical curved

Exanpl e Additive Mode of
pldfir@islshdwh irpfog. J Elie ;Rm]oyl vethicwhick apokyites ponteps of 3 byfweight has

fgr?n%%ealnfd a s(l)/otgé/ po\fg?me% on{ent a]fér 1§6 m1r¥u?e%, are determined from the curve. The

results are shown in table 1.

Table 1:
Example| Additive Mode of Time until polymer Polymgr content after
' action of |content 2% by weight is | 180 minutes
the additive | present (in % by weight)
(in min)
1 - 36 15

i

*f?*

2 W _ 36 12.25

inhibitor 131 5.5

inhibitor 152 4.5

COOH

6 inhibitor 139 5.5

COOMe
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the additive present (in % by weight)
179 2.0 DNBP Nas 8 |
retarder

r et arder
retarder

retarder
wei ght solution in retarder

nmet hano
out anal ogously to exanples 1 to 10,

116 3.5 | EH

182 2.0

10 | |

(in mn) 7 NO

r et arder

165 2.5 9

181 2.0 O-Me
DTBMeOQM DTMeOQM as 5% 10a by wei ght-solution in

etliY | be-D-ene DTMeOQM as 5% 10b by
179 2.0

‘ styrene DTMeOQM
as 5% 10c by weight solution in retarder 180 2.0

Exanpl es 11-18 Exanples 1 1-18 were carried

except that an

additive mxture was added in exanples 14 to 18. The
Lts are hown-i-np-table—2 19—Fahl 5
I*Ex‘:l;lllale AdditiveS O e O F~ | Timae ual pol§imer O | Polymer content after
action of | content 2% by weightis | 180 minutes
the additive | present (in % by weight)
(in min)
7 H
MO\ retarder 179 2.0
DNBP NO,
8 retarder 165 2.5
9 retarder 116 3.5
0
10 retarder 181 2.0
l ~Me
0
DTBMeOQM
DTMeOQM as 5%
10a by weight solution in | retarder 182 2.0
| éthylbenzéne |
DTMeOQM as 5%
10b by weight solution in | retarder 179 2.0
styrene
DTMeOQM as 5%
10c by weight solution in | retarder 180 2.0
methanol

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 results are shown in table 2.
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0O .>00w:dO_TO "OCLOODbA...+0
NW 0 11 100 inhibitor 94 6.5 O oxo-TEMPO AHN 12
100 inhibitor 92 6.5 0 44iyd"roxy- TEMPO 13
4- hydr oxy- TEMPO 5p-pm i nhi bitor 200 1.0 DNBP 95 ppm

retarder 14 oxo- TEMPO 15 ppm i nhi bitor

N

Qy

fl N

195 1.5 DNBP

T3Ble@PM retarder 15 4-hydroxy- TEMPO 100 ppm i nhi bi tor

218 0.5 DIBMeQQM 10 ppm-ret-arder—6—4—hydiroxy=TEVMRO
25 jppm i nhi bi tor 258 0.1 DJBMeOQM 75 gopm 18t arder |17 a
oxo- TEMPO 60 ppm i nhibitor 235 0.8 DEBMeO(® 40 ppm 0
retlar der ° 3 5 = 5 9
2 < e 9 & =2
=™ Q Q 1] - =
1 o % § 5 : a ~ =N
= 2 s & “ ¢ o 8 2 X
£ 2 s E - §| § &
& o £ g 2 2 o o &
< o E Q% =t (@] on T = (7]
m < 5 X 5 & g S @
: g & S = B g 5
g < S E > = .
< o 3 o a? g
o] o [}
9 g &0
p i —
0]
11 N 100 inhibitor 94 6.5
l _
o
oxo-TEMPO
H
12 N 100 | inhibitor 92 6.5
I
0
4-hydroxy-TEMPO
13 | 4-hydroxy-TEMPO Sppm |inhibitor
YRy PP 200 1.0
DNBP 95 ppm | retarder
14 |oxo-TEMPO 15 ppm |inhibitor
: 195 1.5
DNBP 85 ppm - | retarder
15 |4-hydroxy-TEMPO 100 ppm | inhibitor 018 05
DTBMeOQM 10 ppm | retarder '
16 |4-hydroxy-TEMPO 25 ppm | inhibitor 558 o1
DTBMeOQM 75 ppm | retarder '
17 | oxo-TEMPO 60 ppm | inhibitor
235 0.8
DTBMeOQM 40 ppm | retarder
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20 Exanples 19-25 A saturated solution of in each case

250 ng of DIBMOQM is nmade up in a solvent according
to table 3. Subsequently, the content of DIBMeOQM i s

determ ned by neans of gas chromatography (GC). The

sol vent content is calculated in each case. These

solutions are stored at roomtenperature for one week

and then anal yzed agai n by neans of gas chronat ography

' esults are shown in table 3. Table 3:
g%)dﬂlteggfz%TBl\/boqvl Exanpl e Sol vent&ﬁizn .area% Star .
Afsttarate sobigion ofl i eathgdsh 860 o TIBM: Mzeméagz i@ Selygpt according

10 | ene, 100 99 t : 2 By lRdn2 P

t?fg’i?)g-]sé’i’geé?é“é‘ltﬁ'n ef@ﬁtegéozf W@R&% g %gmélﬁyco éas

SRARRYEM bR THORARR ordkdt R2-albhlated di saeh taseaHpse solutions are stored

nononer s used in the exanples, such as styren

a8 tdvph isepeeshie foronp aveek ?ndnﬁ%ﬂl é‘ﬁéyze‘i% %%ﬂfg‘??‘ef,“ S Bg?%fr%f",mammphy
t.pne et lycol nonobutyl ether (DEGVBE),

@ﬁ‘%esrggﬁ?%%ggﬁb%%g%%- hydr oxy- TEMPO, oxo- TEMPO and

DNBP were purchased from Sigma Aldrich or from Merck.

The additive in exanple 3, in contrast, was purchased

The further additives used were prepared

‘AcCr 0S. |
(according to the TolTowng Iiterature ref epmpeEof DTBMeOQM
Synt hgti ¢ Communi cation 2000, 30 (15), 28>2/5 i f % '
| Examplet i Sad¥ent n exanples 2, 4, 5 and 6), 9 Rt HE%
Commuri cation 1976, 6 (4), 305ff. (additij\®aikn exaapdrd week
8), J.iOqg. Chem 2002, 67, 125 if (additlives—in
1exanpl|ethybeanehel 0) . 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 (DEGMBE) 44 - |22

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

Synthetic Communication 2000, 30 (15), 2825 ff. (additives in examples 2, 4, 5 and 6),
Synthetic Communication 1976, 6 (4), 305ff. (additive in example 8),

J. Org. Chem. 2002, 67, 125 ff. (additives in examples 9 and 10).
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21 Cainms: 1. A process for stabilizing olefinically
unsat urated nononers, characterized in that a
retarder-containing conposition (AB) which conprises a
solvent (A) selected fromsaturated or unsaturated,
branched and/ or unbranched, ring-closed and/or
open-chain aliphatic or aromati ¢ hydrocarbons, ethers
or esters, each of which has 4 to 20 carbon atons, or
met hanol , and at |east one rejgpder (B) of the
structure (I1) R R2 HX where: X = halogen, -OR3
or -S-R3, RI, R2 and R3 = hydrogen, al kyl, cycl oal kyl

or aryl group,. . havi in each cas 5 carbon
at ofrroggavios stebilizigg gt ?%%% a%$§§ﬁ%&ﬁn%mé2 and R3
t Y&, A feriBEirie or different and are substituted or
unsubstituted, Is added to an ol efinically unsaturated

nonorearderconirangremmesition{ AB LV BICWRP R S npri ses  at

| east one olefinically unsaturated nononmer. 2. A

process according to claim1, characterized in that a

r et ar def sop@it @i)Rblbged froposiutatahor(uaByutated; hrarrhggh adfpr unbranched,
conprises frgom45.0 to. 99. 9% Wei . O30 MR or esters,
(A) andmerdesco 2ad/prps chg P‘%%g%é’ﬁ?‘l O%Eh% g;édrtr) starder o

(B).  22ci3of WniBk RERSS 20¢a0bA kidgs] or mtharml,2nd
- atleast one retarder (B) of the structure (In

ok

Rq R,

where:
X =halogen, -O-R3 or —iS—Rg,
Ry, Rz and Rg, = hydrogen, alkyl, cycloalkyl or aryl group,
having in each case 1 to 15 carbon atoms,
where the substituents of the Ry, Ry and Rj type are the same or different and are
substituted or unsubstituted,

is added to an olefinically unsaturated monomer or o 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).
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characterized in that a retarder-containing
conposition (AB) is used which conprises from60.0 to
98. 0% by wei ght of the solvent (A and from2.0 to

40. 0% by wei ght of the retarder (B). 4. A process
according to at least one of clains 1 to 3,
characterized in.that the solvent (A used is benzene,
t ol uene, et h}/(gbenz ne,, Xyl ene, styrene or nethanol.

X, ApPOFeE 8% r‘fiRg"to at | east one of clainms | to

4, shatasiaiaded in that retarders (B) of the
structure (I1) which have, as th(g 1§1uEstituent of the X
! Wik

t y pactanier-oontaREng gempRsiand AR xpse GPGRREE according

to atﬂroln{eg&b t&g@?%;byg%%gf&wg&véﬁ (apharacterized in

t hat "retarders e structure (I1) which have,
as stiat 2i0ueno §¥% iy veightRf terdianier @) t ype, a net hyl
group or tert-butyl group are used. 7. A process
according to at |east one of clains 1 to 6,

£y fet&t baslingotabRhstioat af deins 1(tBp, of the structure
(I'1) which have, as substituents of the R3 type, an

al ke ma@er&ﬁéinﬂhafvi ng | to 6 carbon atons are used. 8. A
pr (a‘r‘ees%ﬁreﬁtcgﬁz LEaNIbeReRd td18RS! ctRfIfenéneCk Feres stirehe ormethanol.

“characterizéd in that in addition to the
retarder-containing conposition (AB), a polynerization

i nhi bitor- at ai N hitdsQRo 4CD) is added to the
Srm f ?es%?w?‘%ﬁigﬁé%{)é%%%gpﬁ?xt Sr eoa’nd conprises 23 a
sokheniter{z8] irsthhtect ed from saturated or unsaturat ed,

br ?er%gr gr(sj (ﬁnodfjﬂ?er stHoarS &ﬁQquth have, as the substituent of the X type, an O- R3

group are used.

6. A process according to at least one of claims 1 to 5,

characterized in that |
retarders (B) of the structure (II) which have, as substituents of the R; and/or R type, a

methyl group or tert-butyl group are used.

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

characterized in that
retarders (B) of the structure (II) which have, as substituents of the R3 type, an alkyl group

having 1 to 6 carbon atoms are used.

8. A process according to at least one of claims 1 to 7,

characterized in that
in addition to the retarder-containing composition (AB), a polymerization inhibitor-

containing composition (CD) is added to the monomer or to the monomer mixture and

comprises
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ri ng-cl osed and/ or open-chain aliphatic or aromatic
hydr ocar bons which have 4 to 20 carbon atons, or

al cohol s or ethers having in each case 2 to 20 carbon
atons, or alkyl acetates where the al kyl group of
this ester |likewise has 2 to 20 carbon atons, or

wat er, and at | east one polynerization inhibitor (D)

of the structure (1V)
R5, R6,a fitveahC)icslested o sa‘@ﬂrggﬁgrm%&teﬁab aueh Caso‘f'unbranched,

to 4 carbo = hiﬁ;a% &ic of eroatie GrGrbons which have 4 to 20
>CH NRgﬁ%a"?"ﬂ%gﬁfgf ofesly Bh XOR >CH-

COCRS,
>CH O GEarthddRBoms; 60 aIGHRJIlmr e&lerﬂlgg@;g irRgachmgasy 210 l?)?d’l"‘r(}?@% poms, or alkyl
al kyI e gs H@xeregtﬁ? Blﬁliyeag\p SARE edtet lﬁ(e@xsg%’épx@fb A} Qfon atoms, or

Hal fI5 rom ne or ine, n¥lto4d
V\,here tRgesYRstituents of the R5, R6, R7, R3, RO and

RIO type afe the same or differ n e

substi tatiedt e pohermsEeton i ltofdgslﬂfghf’ég‘é" ¢4 or di ng
to claim8, <characterized in that the polynerization
inhibitor (D) used is 2,2,6,6-tetranethyl pi peridi ne
N- oxyl (TEMPO),

4- acet am do- 2, 2, 6, 6- ranethylplperldlne N- oxyl
(AA- TEMPO), 4- hy roEy %Q6 6- tetranethyl pi peridine

N-oxyl (4-hydrox

4-0x0-2,2,6,6-te hylpp’l peridine N-oxyl

(oxo- TEMPO), a conpoumd of the structure (1V) e’
R5, R6, RO and R 8 = nethyl -group and Z = >CH
where R9 = al kyl group having 1 to 6 carbon atons

and/ or a
where:

Rs, Rg, R7 and Rg = alkyl group having in each case 1 to 4 carbon atoms,
Z= >CR9R10, >C=0, >CH-OH, >CH—NR9R10, >CH-Hal, >CH-ORy,

ORg
S derl, o
>CH-COORg, >CH-O-CO-NHRG, 10,

Ry, Ryo = hydrogen, alkyl group having in each case 1 to 6 carbon atoms,
Hal = fluorine, chlorine, bromine or iodine,
m=1to4, |
where the substituents of the Rs, Re, Rz, Rs, Ro and Ryo type are the same or different and

are substituted or unsubstituted.

9. A process according to claim 8,

characterized in that
the polymerization inhibitor (D) used is 2,2,6, 6- tetramethy1p1pend1ne N-oxyl (TEMPO)

4-acetamido-2,2,6,6-tetramethylpiperidine N-oxyl (AA-TEMPO), 4 -hydroxy-2,2,6,6-
tetramethylpiperidine N-oxyl (4-hydroxy-TEMPO), 4-0%0-2,2,6,6-tetramethylpiperidine
N-oxyl (0xo-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
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24 OD conpound of the structure (IV) where Rs, R6, R7
and Rs = nethyl group and Z =/ 0 10. A process
according to either of clains 8 and 9, <characterized
in that the two conpositions (AB) and (CD) are added
to the nononers separately fromone another. 11. A
process according to at |east one of clains | to 10,
characterized in that the nononers used are

vi nyl -substituted aromatics, alk-1-enes or >>< :j
al ka- 1, 3-di enes, which yb er bs s nd Z =
unsgwmpmnﬂtéﬂwSIExWR(BfBW@?%ﬁégngﬂﬁﬁgﬁ ﬁl?& @gu one

of clains 1 to 11, <characterized in that the nonomer

used i s butadiene or styrene. 13. A nonomer

COMpQRbédsORcondiny tactteeriof i exh?s t he rmononer

conposi tion gﬁﬁgrlses from10 ppb (mMn) to 100 000 ppm
(m mﬁ%ﬁ@% the olefinically unsaturated nononer,

of afe tlavs Bpitors EAB) gt ((B)arohddeh & & moppweRs senaraeliRfrom one
R2 | F) ‘where: X = halogen, -OR3 or -S-R3, RI,

R2 amdmﬁa = hydrogen, al kyl, cycl oal kyl or aryl group,
25 having in each case 1 to 15 carbon atonmns,

11. A process according to at least one of claims 1 to 10,

characterized in that
the monomers used are vinyl-substituted aromatws alk-1-enes or alka-1,3-dienes, which

may be either substituted or unsubstltuted.

12. A process according to af least one of claims 1 to 11,

characterized in that

the monomer used is butadiene or styrene.

13. A monomer composition,

characterized in that "
the 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)
Rq Rz

H™ X an

where:
X = halogen, -O-R3 or —S-R3,
Ry, R,and Rz = hydrogen, alkyl, cycloalkyl or aryl group,
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where the substituents of the RI, R2 and R3 type are
the same or different and are substituted or
unsubstituted. 14. A retarder-containing conmposition,
characterized in that this conposition conprises a
solvent (A) selected fromsaturated or unsaturated,
branched and/ or unbranched, ring-closed and/or
open-chai n al i phatic havisginreat eashy tr br earb@YEomet her s

or esters, each_of whjch_h 4.t0.20
et hanovisredhaoprt et o B8 e 8/ A C b Sfpg bf Mffersfand are
2:rUCtE@%ﬁé*&ﬁ?&ﬁﬁmﬁ@mkﬂ.X where: X = hal ogen, -OR3

- S- and R3 = hydrogen, al kyl, cycl oal kyl
or aryl group, having in each case 1 to 15 carbon

t ons, ere the su jtuents of the R, RZ and R3
1?yﬁ£§%¥§gﬁwgw§3ﬂ%u%%§%# erent and are substituted or
unsgtasdcidridb®th th6

this composition comprises
a solvent (A) selected from saturated or unsaturated, branched and/or unbranched,

ring-closed and/or open-chain aliphatic or aromatic hydrocarbons, ethers or esters,
each of which has 4 to 20 carbon atoms, or methanol, and

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

H™ X an

where: .
X ' =halogen, -O-R3 or—S-Rs,
Ry, R, andR; = hydrogen, alkyl, cycloalkyl or aryl group,
having in each case 1 to 15 carbon atoms,

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

substituted or unsubstituted.
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