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This invention relates to new mouldable, radical­
polymerizable multicomponent mixtures which are used, for 
example, as free-flowing or spreadable compositions or as 

pastes and then cured under ambient conditions through 
5 initiation of the polymerization reaction. In applica­

tional terms, the invention relates in this regard to 

almost any field where radical-polymerizable or curable 
compositions are used, including for example adhesives, 
sealing compounds, the specific production of plastics 

10 mouldings, surface _coating with air-curing and, in partic­
ular, solventless paint systems and the like. 

The peroxide:,... or hydroperoxide-initiated curing of 

olefinically unsaturated systems requires activator systems 
made up of several components, particularly when the reac-

15 tion is to be initiated at low temperatures, for example at 
room temperature or only slightly elevated temperature. · It 

is known that selected tertiary amine compounds partly 
aromatically substituted at the nitrogen atom perform such 

an activating function. Known activators for the initia-
20 tion of polymerization reactions by benzoyl peroxide, for 

example, are in particular dimethyl aniline and dimethyl­

p-toluidine. 

25 

:··.;~0 

A totally different known class of activators for 

oxidative initiation of the polymerization of certain un­

saturated systems, namely drying oils, are metal compounds 
- at least partly soluble in the system - of metals which 
can occur in·. several valency stages and accelerate the 
initiating reaction through intermediate shifts in valency 
on interaction with other _components of the system. Metal;< 
compounds such as these - sufficiently soluble in organic. 

solvents ~nd/or in binders - of metals of the type in ques­
tion have long been known as so-called driers for the air 

drying of paints, varnishes and the like based on unsatu­

rated oils. Sufficiently oil-soluble compounds of transi-
35 tion metals, which are capable of occurring in several 
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valency stages, are particularly suitable for this purpose. 
The individual components differ in their ability to accel­
erate curing, compounds of cobalt and/or manganese being 

particularly suitable, although iron also accelerates cur-
5 ing. In addition to and, in particular, in combination 

with these highly active metallic components, it is pos­
sible to use comparable compounds of other metals which may 
also be capable of forming several valency stages. A de­

tailed description of such systems can . be found, for 

10 example~ in "Ullmann, Encyklopadie der technischen Chemie", 
4th Edition, Vol. 23 (1983), 421-424. 

It is also · known that the two types of promoters 

described here for the radical initiation of polymerization 
can lead by interaction to an enhanced effect. For exam-

15 ple, the Article by L. HORNER et al "Autoxidationsstudien 
an N,N-dialkylierten Anilinderivaten (Autoxidation studies 
on N,N-Dialkylated Aniline Derivatives) 11 in Makromolekulare 
Chemie 93 (1966), 69 to 108, relates to investigations into 

the acceleration of the spontaneous autoxidation of N- . 
20 

25 

dialkyl-substituted arylamine compounds in pure, highly dry 
oxygen gas. In the first stage of the spontaneous autoxi­

dation, the amine hydroperoxide compound is formed at 
aliphatic CH groups in the a-position under the effect of 

dried, superpure oxygen. This spontaneous autoxidation of 

the N, N-dialkylated arylamines takes place very slowly. 
Accord·ing to the Article in question, the co-use of;· cobalt­
( II) compounds and, to a · 1esser extent, the, ·co-use of 
iron(III) salts results in activation of the autoxidation 
process. In further studies reported in this Article, it 

is shown that acetic acid also has a pronounced: accelera­
ting effect on autoxidation at the tertiary amirie·compound 

whereas stronger .acids, such as trichloroacetic acid, or . . 

mineral acids form true tertiary ammonium salts which are· 
not autoxidizable. The use of cobalt ions in conjunction 

35 with acetic acid leads to the vigorously catalyzed autox-
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idation of dialkyl aniline compounds under the effect of 

superpure oxygen. 
Finally, the Article cited above describes studies 

into the initiation of the polymerization of vinyl com-

5 pounds by the dimethyl aniline/superpure oxygen/cobalt salt 

10 

system. High-purity acrylonitrile, methyl methacrylate, 

ethyl acrylate and styrene can be polymerized with this 

system. The initiating reaction is interpreted as redox 

catalysis in which molecular oxygen acts as oxidizing 

agent.· There are no references in the publication in 

question to the suitability of the multicomponent systems 

investigated for practical use in the polymerization field. 

In fact, however, these theoretical works, which have been 

available to experts for almost 25 years, haye not provided 

15 any encouragement for their practical application. 

20 

25 
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The problem addressed by the invention is to utilize 

existing knowledge of multicomponent redox systems as 

described above in developing new possibilities for the 

practical application of activator systems which may be 

used in simplified manner for initiating the polymerization 

of olefinically unsaturated systems. The activator systems 

are intended to be able, in admixture with radical-polyme­

rizable materials or mixtures, to be activated by contact 

with ambient air. In preferred embodiments, this activa-

tion is intended to take place at temperatures as low as 

room temperature, although a moderate increase in temper­

ature may be applied. In one particularly important embod­

iment; the invention ·relates to multicomponent·mixtures of 

the type mentione~ which are ·capable, simply· by conta.pt 

with ambient air at room tempeJ:lature, of · initiating the 

starting reaction o·f a radical polymerization of unsatura­

ted systems wit~ time-controlled curing and a predeter­
minable pot life. 

In a first embodiment, therefore, the present inven-

35 tion relates to the use of activator systems for the 
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radical polymerization of olef inically unsaturated systems 
containing as principal components of the activator system 

N-alkyl-substituted tert.arylamines containing at 
least one aliphatic CH bond in the a-position 
metal compounds at least partly soluble in the system 
to accelerate the drying of unsaturated oils and 

- weakly acidic compounds, more especially monomeric 
and/or polymeric carboxylic acids, preferably having 
pK8 values no lower than about 0.9 

;~ for the time-controlled curing - with a predeterminable-.pot 
life - of mouldable mixtures containing the radical-poly-. 
merizable components, particularly together.with dissolved 

is ·and/or undissolved fillers and/or auxiliaries, by ambient 
air at room temperature and/or moderately elevated tempera­
tures, preferably during the moulding of the mixtures~ 

In a second embodiment, therefore, the present inven­
tion also relates to mouldable, radical-polymerizable 

20 multicomponent mixtures containing 

25 

ethylenically unsaturated, polymerizable compounds, if 
desired in admixture with soluble and/or insoluble 
fillers and/or other auxiliaries and 
an .activator system initiatable by contact with 
oxygen, 

characterized· in that, in their in-use form, ·these multi­
compon~nt mixtures are present as at leastly slightly 
thickened material and contain ·an· activator system based on 
the fchlowing principal components which can be ·initiated 
by contact with oxygen and water and, in particular, _by 
contact with ambient air: 

•· 
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N-alkyl-substituted tert.arylamines containing at 
least one aliphatic CH bond in the a-position 
metal compounds at least partly soluble in the system 
to accelerate the drying of unsaturated oils and 
weakly acidic carboxylic acids having pK8 values no 

lower than about 0.9. 

Accordingly, the essence of the teaching according to 
the invention lies in the choice of the specific reactive 
system which is being described for the first time in this· 
combination of the required conditions ·and/or possibilities 
of use. This system differs from the investigations 
described by L. HORNER et al in several respects: 

The invention seeks to create the opportunity to work 
15 under practical in-use conditions. One particular require­

ment to be satisfied in this regard is that the· catalyst 
systems active as so-called 11 autox11 systems should be con­
verted into the active state on contact not with pure and 
predried oxygen, but with ambient air with its comparative-

20 ly limited oxygen content and the impurities always pre­
sent, including moisture. For the purposes. of practical 
application, the components to be polymerized are almost 
always present in admixture with fillers and/or other 

auxiliaries. 
25 The invention is based on the observation that the 

problem stated above can be solved taking into account the 
elements described· ·in detail in the fallowing·. ···Additional 
freedom in regard to practical application ·can be created·:. 
by suitable auxiliary measures which are des'dribed in,. the 

30 following. Mere contact with air at ambient· temperature or 
at mtist "moderately elevated temperatures is ''sufficient to 

activate the ~tarter system and, hence, to initiate_ the 
reaction in the system as a whole for dimensionally stable 
curing. The open time of the system required for moulding 

35 may be varied within wide limits. Practical significance 
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is thus attributed to multicomponent systems having the 

composition according to the invention in the broadest 

applicational sense. 

The three principal components of the activator system 

5 used in accordance with the invention will first be de­

scribed in detail.in the following: 

10 

15 

20 

25 

N-alkyl-substituted t~rt.arylamines 
All corresponding compounds containing at least .one 

aliphatic CH bond in the a-position are ·suitable. The 

amine components used· in accordance with the invention· 

correspond in particular to general formula I: '-

(I) 

in which 

R1 is an optionally substituted aryl radical, R2 has the 

same meaning as R1 .or may even be an optionally substituted 

alkyl radical. This alkyl radical may be linear or branch­

ed. R3 is a linear or branched alkyl radical which may even 

be substituted and which may be the same as or different 

from the alkyl radical optionally present in R21 but is 

always distinguished by the fact that at least one H atom 

is pre.sent _in the a-position to the N. 

. T_he p:ref erred aryl radical is the phen};'l radical which 

may eve11 be subst:l1:uted, more .especially al:ityl-s~bst.ituted.-, 

30 The-:. alkyl ra~icals present in Ra and opti.onally R2 each 
,JI ·~ 

preferably contain up to about 10 carbon. atoms and, in 
.. ' ~ . 

particular, up to about 6 carbon atoms. Particular signi­

ficance is att:i:-ibuted to corresponding C1_a radicals and 

again to the ·methyl radical in particular. In one prefer-

35 red embodiment, the radicals R2 and Ra are corresponding, 

optionally substituted alkyl radicals while the radical R1 
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is an optionally substituted phenyl radical, so that N,N­

dialkyl-substituted aniline compounds, which may also be 

alkylated in the phenyl ring, are generally preferred. The 

most important components in the context of the invention 

5 are dimethyl aniline and, in particular, dimethyl-p-tolui­

dine. 

10 

15 

Basically, the principles stated by L •. HORNER et al, 

loc. cit., a~ply to the activity and the activatability of 

these. tertia~ amine compounds: nucleus substituents 

in.fluence the autoxidation rate of the dimethyl aniline. 

Electron donors increase the autoxidizability of the amine, 

electrophild.c substituents reduce it. Accordingly, p-

toluidine compounds are more reactive than 

.structurally identical aniline derivatives. 

principles stated by HORNER also apply with 

the otherwise 
The general 

regard to the 

alkyl substituents in R3 and R2 • The methyl group is much 

more accessible to oxidation than all other N-alkyl sub­

stituents. Basically, the known results of the action of 

dibenzoyl peroxide on tertiary amines, as reported in the 

20 cited literature reference, also apply here. 

25 

30 

Metal compounds at least partly soluble in the system 

As already mentioned, the most important driers of the 

type in question are distinguished by the fact that, above 

all, .metal compounds of m.etals capable of . occurring in 

several valency·stages are used. Selected representatives 

of the transition metals can be particularly a-ctive in tb-;is 

regard.. The particular choice of the metal may have inte.r 

al.fa a velocity-determining effect on th~ initiation of 

polymerization on account of: a certain dependence on tem­

perature of the reactive intervention of this ·metal compo­

nent in . the process as a whole. Components which are 
. . . . 

highly active at room temperature are derived in particular 

from cobalt and/or manganese. Iron also has a certain, 

35 albeit weaker, effect in accelerating the reaction at room 
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temperature. The activity of other metal components, for 
example those based on vanadium, can be increased by 
increasing the temperature to such an extent that the poly­
merization reaction can be rapidly initiated. 

5 Cobalt and/or manganese compounds, optionally in 

10 

admixture with other metallic components, such as compounds 
of lead, cerium, calcium, barium, zinc and/or zirconium, 
are particularly suitable for working at room temperature 
which is of particular advantage for numerous applications. 
Reference is made in this regard to the relevant specialist 
literature, cf. for example the cited publication in 
"Ullmann" ·1oc. cit. and the literature cited therein. 

· The metals in question here are used in the form of 
such compounds that they are at least partly soluble in the 

15 system as a whole. Both soap-like metal compounds and also 
types attached otherwise, particularly in complex form, to 
organic radicals are suitable. A typical example of work­
ing in accordance with the teaching of the invention is the 
use of· corresponding metal naphthenates or metal acetyl 

20 

25 

acetonates. Providing inorganic salts are sufficiently 
soluble in the system, it is also possible to use such 
inorganic systems. A typical example is iron chloride 

which has a distinctly accelerating effect when used in the 
sys.tem according. to the invention. 

-It may be advisable to use the metal compounds in a 
low-valency stage of the metal, i.e. for example as cobalt­
(II) or manganese(II). In other cases, it· is also suitable 
to use the meta·l compound in the higher ·valency stage ·:of 
the metal. . Thus, iron chloride, for example, is pref er ably 

30 used in the form of the Fe3+' salt. 

Carboxylic acid compoundCsl 
A factor of crucial importance in the selection of 

these components is the acidity of the free carboxy1ic 
35 acid. The pKg value of the free acid should be no lower 
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than about 0.9, the preferred limit being at about 1. 

If much more strongly acidic components are used, 

acceleration of the reaction comes to a stop. This is 

illustrated by the following examples. The PKs value of 

5 trichloroacetic acid is approximately 0.6. The addition of 

trichloroacetic acid to the system destroys the ability of 

the multicomponent initiator system used in accordance with 

the invention to initiate polymerization reactions. By 

contrast, dichloroacetic acid is a relatively wea~ car-

10 boxyiic acid with a pK5 value of approximately· ·1.3. This 

dichloroacetic acid is eminently suitable for initiating 

polymerization reactions in accordance with the invention. 

strongly acidic mineral acids, for example. hydrochloric 

acid, also affect the ability of the activator systems used 

15 in accordance with the invention to initiate polymerization 

reactions. Acetic acid (PKs value of acetic acid approx. 

4.76) is eminently suitable for accelerated reaction 

initiation. 

The upper limit to the pK5 value may be seen in the 

2.0 region of very weakly acidic compounds - determined as free 

carboxylic acid. In numerical terms, therefore, the upper 

limit is at PKs values of approximately 13 and, preferably, 

at PKs values of approximately 11.5. However, carboxylic 

acids which have PKs values of up to about 8 and preferably 

25 

30 

of up to about·6 or 7 are particularly suitable. Partic­

ularly effective components of the type in question here 

a·re thus derived from carboxylic acids which have PKs values 

in the hydrolyzed state in the range from about 1 to & or 

7. 
The carboxylic acids to be used in accordance with the 

invention may contain one or more carboxyl groups. The 

constitution of the acid as such is not such a crucial 

parameter given the correct pK6 value. The systems accord­

ing to the invention may advantageously be based on car-

35 boxylic acids containing 1 to 4 carboxyl groups and, more 

.. 
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particularly, 1 or 2 carboxyl groups. The choice of the 

particular carboxylic acid is also largely determined by 

corresponding expediency considerations. Readily obtain­

able carboxylic acids, such as lower aliphatic carboxylic 

5 acids or corresponding aromatic mono- or polybasic carbox­

ylic acids are suitable components. Suitable aliphatic 

carboxylic acids are c1_18 and preferably c1_10 monocarboxylic 

acids, acetic acid again being· particularly important. 

Suitable aromatic carboxylic acids are benzoic c;lCid or· 

10 

15 

20 

25 

30 

corresponding·polycarboxylic acids, for example trime~litic 

or pyromel,litic acid.· As shown with reference to the 

example of dichloroacetic acid, substituted acids of this 

type are also suitable.providing their pKg value is within 

the stated limits. 

In one embodiment of the invention, the free carboxyl­

ic acids or carboxyl groups of the activator system are at 

least partly formed by COOH groups attached to preformed 

oligomeric and/or polymeric compounds. These carboxyl 

groups may thus be utilized in several respects in the con-

text of the teaching according to the invention. In the 

polymerization initiation phase, these acid components per­

form the described activating function. Quite apart from 

this, however, there are the general chemical principles 

under which free carboxyl groups of the type in question 

can impart characteristic properties to the reaction prod­

uct cured in particular in dimensionally· stable· form. A 

·possible. coupling effect with respect to··. solid .. $urfaces, 

for· example of metal, or the increased possibility· of 

attacking alkaline media are mentioned purely by way of 

example in this regard. • ·> 

The free carboxyl groups in· the ol igomeric and/ or 

polymeric components may be reactively bound into the 

dimensionally stable reaction product formed and/or may be 

present as non-reactive fillers in the cured reaction 

35 product, depending on the particular structure of the 
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oligomeric or polymeric additives. 
However, the invention also encompasses this multi­

functionality of acidic components used in a totally 
different way: 

5 Radical-initiated polymerization reactions may gener-

10 

15 

ally be carried out using ethylenically unsaturated free 
acids. Such compounds as. acrylic acid, methacrylic acid, 
crotonic acid, itaconic acid, maleic acid and/or fumaric 
acid and also olefinically unsaturated compounds of the 
tetrahydrophthalic acid type and related compounds are 
particularly well-known as reactive mono- and/or · dicar­
boxylic' acids in this regard. Finally, however 1 it is also 
known that relatively long-chain, mono- or polyolefinically 
unsaturated carboxylic acids, particularly unsaturated 
fatty acids of the type mentioned containing, for example, 
10 to 30 carbon atoms and, in particular, 12 to 24 carbon 
atoms, can be included in radical-initiated polymerization 
reactions through their content of ethylenic double bonds. 

In the embodiment of the invention under discussion, 
20 acid components of the type . in question are not only 

activated as constituents of the reaction mixture curing 
by polymerization, they are also able through their free 
acid groups at least partly to perform the acid function in 
the activator system used in accordance with the invention 

25 

30 

of tertiary amine compound, at least partly soluble metal 
compound· and acidic component of limited acidity. It is 
clear that this provides for wide variation of.the active-
substance mixtures to be used. 

Activator systems of the three principal ~components 
described in the forego·ing, namely aromatic amine compound, 
at le·ast partly soluble metallic drier and weak acid are 
able after taking up moisture and oxygen from the ambient 
air to initiate all the radical-polymerizable, olefinically 
unsaturated systems which, hitherto, have been used with a 

35 variety of different, particularly peroxidic, starter 
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systems. To this extent, the other constituents of the 

radical-polymerizable, mouldable multicomponent mixtures 

according to the invention m~y be as defined in the exten­

sive relevant literature which is concerned with the 

5 production and processing of systems based on olef inically 

unsaturated radical-polymerizable compounds. A very large 

number of systems of this type tailored in their properties 

to the particular application envisaged are currently 

available to the expert. 

10 

15 

Systems distinguished by at least slightly elevated 

viscosity values at the onset of the polymerization reac­

tion are particularly suitable for the initiation of poly­

merization by atmospheric oxygen activated in accordance 

with the invention, particularly at room temperature or 

only moderately elevated temperature. Test~ have actually 

shown that the use of ambient air, even where a basically 

highly active combination of activating agents is used, 

does not lead to reaction initiation in the right time, if 

at all, when highly mobile unsaturated systems are used, 

20 even where they are known per se for their high reactivity 

in the polymerization reaction. Typical examples of such 

systems are conventionally stabilized lower acrylate 

esters, methacrylate esters or styrene. Accordingly, 

acrylate and/or methacrylate compounds or systems, styrene 

25 or styrene derivatives and/or acrylonitril·e-containing 

components are preferably used as the ethylenically un• · ·· 

·saturated polymerizable components. An activator system 

of, for e~ample, dimethyl-p~toluidine,· soluble·, cobalt 

compounds and acetic ·.acid hardens commercially available, 

30 unsaturated components: ~of the type just mentioned on con­

tact with ambient air at room temperature only when the 

viscosity of the system as a whole is slightly increased. 

Generally, therefore, radical-polymerizable systems 

with an initial viscosity of at least about 30 to 100 mPa.s 

35 and preferably of at least about 200 or 300 mPa.s should be 
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used in accordance with the invention. Particularly safe 

initiation of the polymerization reaction can be expected 

in the case of. systems which have an initial viscosity of 

at least about 500 mPa.s and, more especially, of at least 

5 about 1000 mPa.s. All these viscosity values are deter­

mined by Brookfield viscosimeter. Commercially available 

adhesive systems are known to have viscosities of at least 

about 3,000 mPa.s and, more particularly, viscosity values 

of up to about 10,·000 mPa.s. Materials of this type under-

10 standably are eminently suitable for processing in·accord-

ance with the invention. However, the invention is by no 

means ·limited to such materials. Considerably, less viscous 

systems, for example spreadable paint systems used in par­

ticular as solventless systems, are suitable for the reac-

15 tion-initiating mechanism described herein providing the 

above-mentioned minimum values for the initial viscosity of 

the material to be moulded are observed. The same applies 

to other fields of application, for example the production 

of plastics mouldings based on styrene/unsaturated poly-

26 

25 

ester resins. 
The necessary viscosity values may be established in 

particular by mixtures which have an adequate content of 

oligomeric and/or polymeric components, optionally in ad­

mixture with low molecular weight, unsaturated components 

liquid at room temperature, such as (meth)acrylates. How­

ever, correspondingly viscous materials may also ·.consist 

.solely of pr:econdensates of suitable .fluidity. The exten­

sive knowle,dge of experts on ethylenically unsaturated mix­

tures ~uch as these curable by radic'al polyme~ization may 

30 be applied in this re.:g,ard. ~·),3' 

The multicomponent mixtures to be used in accordance 

with the invention may be formulated as mul ticomporient 

systems. For the practical application of the system, the 

components are mixed with one another in known manner. The 

35 open pot life of the system may be regulated by suitable 

~~ ... , ............. ~-..... --......... --.... -. ..•. _ -·- ···--·'·" 
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choice and adaptation of the principal components of the 
activator system, so that the starting reaction may· be 
initiated and, hence, the system ultimately cured under 
ambient conditions in air. In one preferred embodiment of 

5 the invention, the multicomponent mixtures in question of 
activator system and polymerizable components are formula­
ted as multicomponent systems which are non-reactive, even 
on contact ·with ai~, two-component systems in particular 
being present as multicomponent systems. In addition, it 

10 

15 

is particularly pref erred in this regarq to separate the 
three main components of the actl vator systems used in 

accordance with the invention from one another in such a 
way that the tert. N compound is kept separate from the. 
metal compounds and the free carboxyl ic acids. Both 
components may thus generally contain ethylenically un-
saturated -reaction product. For processing, these two 
separately stored components merely have to be mixed, 
moulded during the open pot life of the system and brought 

into contact with ambient air. 
20 The invention provides for the formulation of op-

timized active-substance mixtures. Without departing from 
the principles of the invention, it is possible to use 
soluble and/or insoluble fillers, elasticizers, thickeners, 
thixotropicizing agents, pigments, coupling agents, stabil-

25 ·izers and the like without endangering the performance of 
the activator system according to the invention. This does 
of course presuppose that disturbances in the. interaction 
of the activator components are precluded through the 

30 

35 

choice of the auxiliaries and fillers. 
knowledge may be applied this regard. 

General chemical 

One particular feature of the multicomponent mixtures 
according to the invention or rather the activator systems 
used therein is that additional inhibition and hence con-
trol of the system as a whole is possible. 

Various mechanisms are available for inhibiting the 
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11 autox" system used in accordance with the invention, of 

which the three basic types 1 to 3 are listed below: 

1. stabilization 

2. stabilization 

agent 

3. stabilization 
inhibitors. 

against Oz, addition of antioxidants 

against R-OOH, addition of reduc-ing 

against radicals, addition of radical 

From general knowledge of chemistry, typical stabil­

i.zer components are listed :i,n the following, the numbers in 

brackets after the particular compound indicating which of 

the three mechanisms listed above is to be assigned to th~ 

stabilizer: 
15 pyrogallol (1), Oz-inhibited acrylates (1), hydroquinone 

(1,3), hydroquinone monomethyl ether (1,3), triphenyl phos­

phine (2), tributyl phosphite (2), butyl hydroxytoluene 

(3), phenothiazine (3). 

20 

25 

30 

In the multicomponent mixtures according to the inven-

tion, the activator mixtures preferably make up no more 

than about 25% by weight and, in particular, no more than 

about 10% by weight, based on the weight of the system as 

a whole. Depending on the activity of the components used, 

the weight of the activator mixture can be greatly reduced, 

for example to about O .1% by weight or to at least about 

0.5% by weight. Particularly suitable quantities of the 

activator system are at least about 1% by weight, prefer­

ably up -: to about 8% by weight and more preferably from 

about 1 to 7% by weight. All these figures are based on 

the one hand on the total weight of the multicomponent,_ ... 

system according to the invention and the total weight of 

the three principal components of the activator system. 

The three principal components of the activator system 

may advantageously be used in the following quantitative 

35 ratios to one another (in % by weight, based on the mixture 
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of the three activator constituents): 

5 to 20% and preferably 5 to 15% of the metal compound 

30 to 60% and preferably 40 to 55% of the tertiary amine 

compound 
5 30 to 60% and preferably 40 to 55% of the masked weak acid. 

The particular quantities in which the metal compounds 

are used may also be defined in particular through the 

ratio by weight of the weight of the metal to the weight of 

the multicomponent activator system as follows: 

Preferred quantities of metal compound are from 0.01 

to 5% by weight, preferably from 0.05 to 2% by weight and 

more preferably from about 0.1 to 1% by weight metal, based 

on the total weight of the activator constituents. 

·If inhibitors and/or stabilizers of the type mentioned 

15 above are used to control the course of the reaction and/or 

the open pot life, the quantities in which they are used 

will be gauged according to the stated purpose. In each 

individual case, they may readily· be determined by consid­

erations appropriate to the expert and/or by preliminary 

20 

25 

tests. The regulators used will normally not exceed a few 

percent, for example about 2 to 5% by weight, of the mix-

ture as a whole and are generally used in quantities of 

less than 1% by weight. 

Mixtures of oligomers and/or polymers together with 

ethylenically unsaturated monomers of low molecular weight 

are used as mixtures of radical-p.olymerizable materials 

suitable and typically used for a variety of applications 

in practice. The mixture · components of relatively high 

molecular weight are often at least partly soluble in the 

30 monomers. Mixtures= of this type are particularly suitable>' 

for processing in accordance with the invention. The con-

tent of monomers, for example (meth)acrylates, optionally 

substituted styrene and/or acrylonitrile, is generally at 

least 10% by weight, preferably at least 20% by weight and, 

35 in many applications, at least about 40% by weight, based 
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on the final reactive mixture as a whole. In terms of 
weight, the monomer component may be by far the predominant 
component so that, for example, 60 to 80% by weight of the 
mixture as a whole is formed by the low molecular weight 

5 monomer. As mentioned above, however, it is important to 
ensure that the at least slightly increased initial viscos­
ity of the mixtures for safe reaction initiation on contact 
with air is guaranteed by the use of an adequate quantity 
of compounds of relatively high molecular weight and/or by 

10 

15 

20 

other thickening agents. 
In characteristic examples of application, which fall 

witQin the scope of the invention as preferred embodiments, 
these conditions of use are guaranteed in any case. With­
out any claim to completeness, the following examples are 
mentioned here: aerobic adhesive systems, spreadable 
compositions for surface coating with polymerizable, in 
parti.cular sol vent-free lacquers and paints in the form of 
spreadable air-drying paint systems and the production of 
mouldings with initiation of the reaction involved by con­
tact with ambient air, for example based on styrene/unsat­
urated polyester resins. 

Examples 

25 E~amples 1 to 9 
Solution A 

30 

35 

MMA (methyl methacrylate) 60 
Polyacrylate (Plexigum8 MB 319, a product of 30 

Rohm/soluble filler) 
Cobalt acetyl acetonate 
Acrylic acid 

Solution B 
MMA 

Plexigum• MB 319 

0. 24 .. :f 

10 

60 
30 
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N,N-dimethyl-p-toluidine 10 

The above quantities are parts by weight. 

Solutions A and B were mixed in various quantitative 

5 ratios and the adhesive preparations obtained were used to 

bond PVC. 

10 

15 

20 

25 

30 

35 

Example 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Quantitative 
ratio A:B 

9:1 

8:2 

7:5 

6:4 

5:5 

4:6 

3:7 

2:8 

1:9 

Pot.life 
(mins.) 

11 

11 

12 

12 

13 

13 

16 

20 

36 

Tensile shear strength 
(N/mm2

) 

1.0 

1.4 

1.4 

MF {1.7) 
MF (1.9) 
MF (3.2) 

MF (2.5) 

MF (2.7) 

MF (3.6) 

MF = material failure 

To guarantee adequate.oxygen uptake, the particular 

mixture was vigorously stirred in air for 1 minute and the 

substrates coated with the adhesive preparation were left 

in air for 2 minutes before being fitted together. 

Examples 10 to 19 

Variation of the amine concentr?tion 

Mixtures of 
6 

4 

g 

g 

0.5 g 

50 mg 
(6% Co) 
dine 

MMA 

Plexigum® MB 319 

acetic acid and 

of a solution of cobalt naphthenate in gasoline 

and different quantities of N,N-dimethyl-p-tolui-
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cure on contact with atmospheric oxygen. 

Example Quantity of Pot life Tensile shear strength 
No. amine (%) (mins.) (N/mm2

) 

5 

10 1 13 3.1 (MF) 

11 2 12 8.1 (MF) 

12 3 12 7.6 (MF) 

13 4 11 4.7 (MF) 

10 14 5 11 7;.l (MF) 

\_.,I 15 6 10 8.5 (MF) 

16 7 14 6.4 (MF) ·v 
17 8 14· 7.6 (MF) 

18. 9 15 7.6 (MF) 

15 19 10 13 5.8 (MF) 

Examples 20 to 29 

Variation of the carboxylic acids and the monomers 

Mixtures of 
20 89.5% monomer (mixture) and 10.5% initiator system consist-

ing of 
5 % N,N-dimethyl-p-toluidine 

0.5% cobalt naphthenate solution in gasoline (6% CO) 

5 % carboxylic acid 

v 25 cure on contact with atmospheric oxygen. 
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Example 
No. 

Monomer Carboxylic acid Pot life 
(mins.) 

20 

21 

22 

23 

24 
25 
26 

27 

28 

29 

1) 

Z) 

3) 

4) 

5) 

" 
II 

II 

MMA/PMMA3 > 

II 

II 

Methacrylate­
termiriated 
PUR4 > 

THF-MA/PMMA5 > 

MMA/PMMA 

Acetic acid 

Propionic acid 

Chloroacetic acid 

Carboset 5152 > 

Acetic acid 

Acrylic acid 

Dichloroacetic acid 

Acetic acid 

Acetic acid 

Benzoic acid 

10 

11 
10 
90 
10 

9 
12 

2 

11 
25 

1: 1 Mixture of MMA and a methacrylate-terminated 

polyester PUR (reactiop product of CAPA9 200, a poly­

caprolactone manufactured by Union Carbide - OH value 

209, 2 mol), 2,4-tolylene diisocyanate (Desmodur• T 
. . 

100, a product of Bayer AG, 3 mol) b-01/20 (a polyp~o-

pylene glycol monobutyl ether manufactured by Hoechst, 

1 mol), hydroxyethyl methacrylate (HEMA, 1 mol) 

An acrylic acid copolymer manufactured by B.F. 

Goodrich, acid value 60 to 65 

A mixture of 60 parts MMA and 40 parts Plexigum8 MB 

319 (a polyacrylate manufactured by Rohm) 

A methacrylate-terminated PUR (reaction product of 1 

mol B 01-20, TDI and HPMA) 

A mixture of 2 parts tetrahydrofurfuryl methacrylate 

and 1 part;;; Plexigum8 MB 319 .· 

Example 30 

53 
25 

A mixture of 

% 

% 

MMA 

Plexigum8 MB 319 



• l 

.. , 

v 
v 

4 

4 

3 

% 

% 

% 

21 

N,N-dimethyl-p-toluidine 

acetic acid 
Mn(II) octoate 

0 358 033 

polymerizes 15 minutes after contact with atmospheric 

5 oxygen. 

10. 

15 

20 

25 

30. 

Examples 31 to 34 

Variation of the amines 

Mixtures consisting of 

so· parts MMA 

40 parts Plexigum® MB 319 

3 parts acetic acid 

3 parts amine 

0.5 part cobalt naphthenate 

Example Amine 

31 

32 

33 

34 

Example 35 

N,N-Dimethyl aniline 

N-Ethyl-N-methyl aniline 

N,N-Dimethyl-m-toluidine 

N,N-Dimethyl-p-toluidine 

Pot life (mins.) 

60 

47 (5 parts amine, 
5 parts acid) 

26 

18 

The following activator system: 5% acetic acid, 5% 

dimethyl-p-toluidine, 0.5% cobalt solution, was added to 

the dimethacrylate of bisphenol A x 2 EO (Diacfyl 101.) 

with no addition of thickener. 

The pot life is 1 minute. 

Example 36 
:/. 

The initiator mixture of Example 35 is added to the 

reaction product of bisphenol-A-digly~idyl ether with 

methacrylic acid (Rutapox• 959, a product of Rutgers) with 

35 no addition of thickener. 

The pot life is under 1 minute. 
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Example 37 

The initiator system of Example 35 is added to Ves­

topal 8 150, a product of Huls (unsaturated polyester resin, 

66% in styrene), with no addition of thickener. 

5 The pot life is 1.5 minutes. 

10 

Example 38 

The following initiator system: 3% acetic acid, 3% 

dimethyl-p-toluidine, 0.5% cobalt solution, is added to a 

mixture of cyclohexyl methacrylate and Plexigum8 MB 319. 

The pot life is 16 minutes • 
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CLAJ:MS 

1. The use of activator systems for the radical polymer­
ization of olef inically unsaturated systems containing as 
principal components of the activator system 

N-alkyl-substituted tert.arylamines containing at 
least one aliphatic CH bond in the a-position 
metal compounds at least partly soluble in the system 

to accelerate the drying of unsaturated oils and 
mildly_ acidic compounds having PKs values no low:er than 
0.9 

for the time-controlled curing - with a predeterminable pot 
life - of mouldable mi~tures containing the radical-poly-

15 merizable components, particularly together with dissolved 
and/or undissolved fillers and/or auxiliaries, by ambient 
air at least at room temperature, preferably during the 
moulding of the mixtures. 

20 

25 

30 

35 

2. The use claimed in claims 1, characterized in that the 
mildly acidic compounds are monomeric and/or polymeric 
carboxylic acids. 

3. The use claimed in claim 2, characterized in that the 

multicomponent mixtures of activator system and polymer-
. . 

izable components are formulated as multicomponent systems 
which are non-reactive even on contact with air, the multi­
component systems being in particular two~component systems 
in which the tertiary N compound is kept separate from the 

metal compounds and the free carboxylic acids· ·and the 
components. being combined ':for mould.:i,.ng and curing. 
4. The us~~- claimed in claims 1 to 3, characterized in 

that the activator-containing multicomponent mixtures are 
used with viscosities (Brookfield) of at least about 30 to 
100 mPa.s and more especially of at least about 300 mPa.s 
for moulding. 
5. The use claimed in claims 1 to 4, characterized in 
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that compounds corresponding to general formula I: 

in which 

Ri 
\ 

N 
I 

R2 

(I) 

R1 is an optionally substituted aryl radical, more especial­

ly an optionally alkyl-substituted phenyl radical, 

10 R2 has the same meaning as R1 or is an optiona~ly sub-

. stituted, linear or branched alkyl radical and 

R3 is a linear or branched alkyl radical which may even be 

substituted, ·but contains at least one H atom in the a­

position to the N, 

15 are used as N-alkyl-substituted arylamines in the activator 

system. 

6. The use claimed in claims 1 to 5, characterized in 

that dialkyl aniline compounds substituted or unsubstituted 

in the aromatic ring, of which the alkyl radicals each 

20 preferably contain up to 10 and more preferably up to 6 c 
atoms, are present as ~ompounds corresponding to general 

formula I, aniline derivatives optionally alkyl-·substitut­

~d in the ring, especially those of the structure of 

dimethyl aniline and/or dimethyl-p-toluidine, being par-

25 

30 

ticularly suitable. 

7. The use claimed in claims 1 to 6, characterized in 

that they contain compounds of metals occurring in several 

valency stages, more especially compounds of corresponding 

transition metals, the metal ions preferably being present 

in their low valency stage, as the metal-containi_ng driers 

at leastly partly soluble in the system. . .~· 

8. The use claimed in ·· .. claims 1 to 7, characterized in 

that they contain metal compounds - soluble in organic 

media - of cobalt and/or manganese or even iron, the iron 

35 even being useable in the form of an Fe3+ compound. 
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9. Multicomponent mixtures as claimed in claims 1 to 8, 

characterized in that carboxylic acids having PKs values no 

lower than about 1 and preferably no lower than about 1.3 

are used. 

5 10. The use claimed in claims 1 to 9, characterized in 

that acidic compounds having an upper pK5 limit of ap­

proximately 13 and preferably of approximately 11.5 and, 

in particular, corresponding carboxylic acids where the 

free carboxylic acid has an upper PKs limit of approximate-

10 

15 

ly 7 are used. 

11. The use claimed in claims 1 to 10, characterized in 

that carboxylic acids containing one or more carboxyl 

groups and more especially 1 to 4 carboxyl groups are used. 

12. The use claimed . in claims 1 to 11, characterized in 

that they may contain as ethylenically unsaturated polymer­

izable components acrylate and/or methacrylate compounds or 

systems, styrene or styrene derivatives and/or acrylo.­

nitrile-containing components which may even be completely 

or partly present in the form of reactive preformed oligo-

20 mer and/or polymer compounds. 

25 

30 

13. The use claimed in claims 1 to 12, characterized in 

that multicomponent systems including fillers, thickeners, 

elasticizing agents, pigments, coupling agents, stabilizers 

and/or other auxiliaries which are soluble and/or insoluble 

in the system are additionally used. 

14. The use claimed ~n claims 1 to 13, characterized in 

that mixtures containing antioxidants, · reducing agents 

and/or radical · initiators are used for stabilization 

against unwanted contact.·with oxygen and/or for regulating 

pot life. ·: 

15. The use claimed in claims 1 to 14, characterized in 

that multicomponent mixtures in which the activator mixture 

makes up no more than about 25% by weight and preferably no 

more than about 10% by weight of the system as a whole and 

35 preferably makes up at least 0.1% by weight and, more 
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preferably, about 1 to 8% by weight of the system as a 

whole are used and processed by moulding. 

16. The use claimed in claims 1 to 15, characterized in 

that the components of the activator system are used in 

5 substantially the following quantitative ratios to one 

another (in % by weight, based on the mixture of the three 

constituents of the activator): 

10 

15 

20 

25 

30 

35 

5 to 20 and preferably 5 to 15% by weight metal compound or 

0.01 to 5 and preferably 0.05 to 2% by weight metal 

30 to 60 and preferably 40 to 55% tert. amine compound 

30 to 60 and preferably 40 to 55% of the weak acid. 

17. The use claimed in claims 1 to 16, characterized in 

that the systems are used in which the content of radical­

polymerizab~e components, particularly their monomer 

content, is at least about 20% by weight and preferably at 

least about 40% by weight. 

18. The use of the activator systems claimed in claim 1 

for the curing of reactive adhesives by contact with 

ambient air, particularly at ambient temperature, the reac­

tive adhesives preferably being based on paste-like masses 

which contain acrylate- and/or methacrylate-based reactive 

components, particularly in admixture with polymers at 

least partly soluble therein, and preferably have viscosity 

values above 500 mPa.s and more especially in the range 

from about 3000 to 10,000 mPa.s. 

19. The use of the activator systems claimed in claim 1 

for . the curing of surface coatings, particularly in the 

form of air-drying paint systems, and for the production of 

plastics mouldings, in.·either ca.se by contact with ambient 

air, particularly at ambient temperature. . ).;. 

20. Mouldable, radlcal-polymerizable multicomponent 

mixtures, which may even be present in the form of storable 

multicomponent systems, containing 

ethylenically unsaturated, polymerizable compounds, if 
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desired in admixture with soluble and/or insoluble 

fillers and/or other auxiliaries and 

an activator system initiatable by contact with 

oxygen, 

characterized in that, in their in-use form, the multi­

component mixtures are present as at leastly slightly 

thickened mate~ial and contain an activator system based on 

the following principal components which can be initiated 

by contact with ambient air: 

N-alkyl-substituted tert.-arylamines containing at 

least one aliphatic CH bond in the a-position 

metal compounds at least partly soluble in the system 

to accelerate the drying of. unsaturated oils and 

mildly acidic carboxylic acids having pK8 values no 

lower than about 0.9. 

21. Multicomponent mixtures as claimed in claim 20, 

characterized in that, in their in-use form, they have a 

minimum viscosity (Brookfield) of at least about 100 mPa.s, 

preferably of at least about 300 mPa.s and, more 

preferably, of at least about 500 mPa.s. 

22. Multicomponent mixtures as claimed in claims 20 and 

21, characterized in that the free carboxylic acid of the 

activator system is formed at least partly by ethylenically 

unsaturated mono-. and/or dicarboxylic acids, more especial­

ly acrylic acid, methacrylic acid, crotonic acid, itaconic 

acid, maleic acid and/or fumaric acid. 

30 23. Multicomponent mixtures as claimed in claiilns 21 and 

22, characterized in that the free carboxylic acid of the 

activator system is formed at least partly by COOH groups 

attached to preformed oligomer and/or polymer compounds 

which are preferably bound into the reaction product during 

35 curing of the multicomponent mixture. 


