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oligomers comprising terminal primary and/or secondary 
amino groups as curing agents for epoxy resins. The invention 
further relates to a composition containing Such polymers or 
oligomers, an uncured or only partially cured epoxy resin, 
and at least one optional curing agent for epoxy resins, as well 
as a cured epoxy resin that can be obtained by curing said 
components. The invention finally relates to a method for 
curing epoxy resins. In said method, an uncured or only 
partially cured epoxy resin is brought to a temperature of 5 to 
150° C. or is exposed to microwave radiation along with at 
least one polymer or oligomer according to the definition 
above and at least one optional conventional curing agent for 
epoxy resins. 
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HYPER BRANCHED POLYMERS AND 
OLGOMERS COMPRISING TERMINAL 

AMINO GROUPS AS CURINGAGENTS FOR 
EPOXY RESNS 

0001. The present invention relates to the use of highly 
branched polymers or oligomers having terminal primary 
and/or secondary amino groups as curatives for epoxy resins. 
The invention further relates to a composition which com 
prises such polymers or oligomers, an uncured or part-cured 
epoxy resin, and, optionally, at least one conventional cura 
tive for epoxy resins, and to a cured epoxy resin obtainable by 
curing these components. Finally the invention relates to a 
method of curing an epoxy resin by bringing an uncured or 
part-cured epoxy resin with at least one polymer or oligomer 
as defined above and, optionally, with at least one conven 
tional curative for epoxy resins to a temperature of 5 to 150° 
C. or exposing it to microwave radiation. 
0002 Cured epoxy resins are widespread on account of 
their outstanding mechanical and chemical properties, such 
as high impact strength, high abrasion resistance, good 
chemical resistance, excellent adhesiveness to numerous 
materials, and high electrical insulation capacity. They serve 
as a matrix for fiber composites and are often a major con 
stituent in electrical laminates, structural adhesives, casting 
resins, and powder coating materials. 
0003. The term “epoxy resins” has a plurality of meanings 
and refers firstly to prepolymers which comprise two or more 
epoxide groups (in some of the epoxide groups the oxirane 
group may also have been opened to a hydroxyl group), or 
compositions which comprise these prepolymers. Secondly 
the term also identifies part-cured or fully cured epoxy resins, 
i.e., epoxy resins which have been crosslinked by means of 
suitable curatives. The term is also used, however, to identify 
modified epoxy resins, such as esterified or etherified epoxy 
resins, obtainable for example by reaction with carboxylic 
acids or alcohols. In general as well, compositions which 
comprise (part-)cured and/or modified epoxy resins are also 
encompassed by the epoxy resins term. Compositions which 
comprise uncured, part-cured and/or fully cured epoxy resins 
are, for example, what are called compounded epoxy resins, 
i.e., epoxy resins mixed with Suitable additives, examples 
being formulations which as well as the epoxy resin comprise 
curative(s) (if the epoxy resin is uncured or part-cured) and, 
optionally, further additives, such as flame retardants, anti 
oxidants, stabilizers, and the like. The compositions may also 
be composites. A complete definition of the term “epoxy 
resins” is found for example in Ullmann's Encyclopedia of 
Industrial Chemistry, 5th edition, on CD-ROM, 1997, Wiley 
VCH, in the “Epoxy Resins' section. 
0004. In the context of the present invention, and where 
not further specified, the term “epoxy resin' is used for 
uncured or part-cured epoxy resins (prepolymers). If it is 
intended to refer to fully cured or modified epoxy resins or to 
epoxy resin-containing compositions, this will be specified at 
the relevant point. 
0005. Curatives or curing agents are also referred to as 
crosslinking agents. They are compounds which, in the case 
of sufficient reaction, convert the epoxy resin prepolymer into 
infusible, three-dimensional, “crosslinked’, thermoset struc 
tures. A fundamental distinction is made between two types 
of curatives for epoxy resins: The first type involves com 
pounds with a functionality of at least two whose functional 
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groups are able to react covalently with the oxirane or 
hydroxyl groups of the epoxy resins, and fully or partly 
crosslink the prepolymer. The second type, also referred to 
commonly as initiator or accelerant, catalyzes the homopo 
lymerization of the epoxy resins. Initiators and accelerants 
are in Some cases also added to the first type of curative in 
order to accelerate crosslinking. 
0006 Examples of suitable functional groups which are 
able to enter into a condensation reaction with the oxirane 
groups of the epoxy resins are amino groups, hydroxyl 
groups, and carboxyl groups, and derivatives thereof. Such as 
anhydrides. Accordingly, compounds typically used as cura 
tives for epoxy resins are aliphatic and aromatic polyamines, 
carboxylic anhydrides, polyamidoamines, aminoplasts or 
phenoplasts. Known curatives possess a structure which is 
linear or no more than slightly crosslinked. They are 
described for example in Ullmann's Encyclopedia of Indus 
trial Chemistry, 5th edition on CD-ROM, 1997, Wiley-VCH, 
section headed “Epoxy Resins”, which is hereby incorpo 
rated in full by reference. 
0007 Known curatives with amino groups can be divided 
into two groups: 
0008. The first group is formed by low molecular mass 
amines, such as diethylenetriamine, triethylenetetramine, 
Jeffamines, m-phenylenediamine, 4,4'-methylenedianiline 
(MDA) or bis(4-aminophenyl)sulfone (DADS, DDS or dap 
sone). They are of low viscosity, possess a high amine number 
and a high density of functional groups per unit weight or 
Volume, and so lead to products having a high network den 
sity. The aliphatic amines, moreover, are highly reactive and 
in Some cases react even under room temperature (25° C.). 
Disadvantages, however, are their volatility, their unpleasant 
odor, and their toxicity. In addition, the reactivity of the ali 
phatic amines is frequently too high, with the consequence 
that the crosslinking process is uncontrolled. The reactivity of 
aromatic amines, in contrast, is frequently too low, with the 
consequence that crosslinking necessarily takes place at high 
temperatures and with long reaction times, which is of course 
unwanted from an economic standpoint. 
0009. The second group is formed by high molecular mass 
amines, generally polymers, which comprise amino func 
tions, such as amidopolyamines or polyesters with terminal 
amino groups. These polymers, though without the above 
mentioned disadvantages of the low molecular mass amines, 
also lead, however, to products having a distinctly lower 
network density, on account of their distinctly lower density 
of reactive functional groups. A high network density is criti 
cally important, however, for the mechanical and thermal 
stability of the epoxy resin-based products. 
0010. It was an object of the present invention, therefore, 
to provide curatives for epoxy resins that combine the advan 
tages of the prior-art curatives and at the same time avoid the 
disadvantages—that is, which lead to cured epoxy resins 
having a high network density and are Sufficiently reactive, so 
that the crosslinking can be carried out at low temperatures 
and in acceptable reaction times, but which at the same time 
are nonvolatile, non-foul-smelling, and nontoxic, while yet 
preferably being as far as possible of low viscosity. 
0011. This object has been achieved through the use of 
highly branched, high-functionality polymers having pri 
mary and/or secondary amino groups as terminal groups of 
the main chains or side chains, and of oligomers having 
primary and/or secondary amino groups, as curatives for 
epoxy resins. 
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0012. The invention accordingly provides for the use of 
condensation products selected from 
(i) highly branched polymers obtainable by the condensation 
of 

0013 (1-1) urea or at least one urea derivative having 
0014 (1-2) at least one amine having at least two pri 
mary and/or secondary amino groups, 
0015 with at least one amine necessarily comprising 
at least three primary and/or secondary amino groups; 

(ii) highly branched polymers obtainable by the condensation 
of 

0016 (ii-1) one amine having at least three primary 
and/or secondary amino groups (self-condensation), or 
at least two (different) amines having at least two pri 
mary and/or secondary amino groups, with at least one 
of these at least two amines necessarily comprising at 
least three primary and/or secondary amino groups; 

(iii) highly branched polymers obtainable by the reaction of 
0017 (iii-1) at least one at least difunctional di- or poly 
isocyanate having 

0018 (iii-2) at least one amine having at least two pri 
mary and/or secondary amino groups, 
0019 with at least one polyisocyanate being at least 
trifunctional or with at least one amine containing at 
least three primary and/or secondary amino groups; 

(iv) highly branched polymers obtainable by the condensa 
tion of 

0020 (iv-1) at least one carboxylic acid having at least 
two carboxyl groups or at least one derivative thereof 
having 

0021 (iv-2) at least one amine having at least two pri 
mary and/or secondary amino groups; 
0022 with at least one carboxylic acid necessarily 
comprising at least three carboxyl groups or carboxyl 
group derivatives, or with at least one amine neces 
sarily comprising at least three primary and/or sec 
ondary amino groups; 

(v) oligomeric compounds obtainable by the condensation of 
0023 (V-1) urea and/or at least one urea derivative hav 
ing 

0024 (V-2) at least one amine having at least two pri 
mary and/or secondary amino groups, 
0025 with at least one amine necessarily comprising 
at least three primary and/or secondary amino groups; 
and 

(vi) oligomeric compounds obtainable by the condensation of 
0026 (vi-1) melamine having 
0027 (vi-2) at least one amine having at least two pri 
mary and/or secondary amino groups and being differ 
ent than melamine; 

as curatives for epoxy resins. 
0028. In the polymers and oligomers used in accordance 
with the invention, the terminal primary and/or secondary 
amino groups may be either amino groups bonded to a car 
bonyl group (C=O) or a carbonyl-like group Such as thio 
carbonyl (C=S) or imine (C—NR) or “true’ amino groups, 
i.e. amino groups not bonded to a carbonyl function or a 
carbonyl-like group. Both types of amino groups are Suitable 
as terminal groups and can have crosslinking action under 
particular reaction conditions, i.e. react with the epoxy group 
of the epoxy resins. Owing to the higher nucleophilicity, 
“true’ amino groups can react more rapidly than terminal 
groups; however, this is not always desirable; for example 
when lower degrees of crosslinking are to be established. The 
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selection of the terminal amino groups depends on the spe 
cific intended use and can be decided by the person skilled in 
the art in the individual case. The terminal amino groups are 
established by the preparation process, especially through the 
stoichiometry of the monomers to be polymerized and/or 
through the sequence of addition for the polymerization reac 
tion. 

0029. In the context of the present invention the term 
"polymer is understood broadly and encompasses addition 
polymers, polyadducts, and polycondensates—that is, it does 
not define the way in which the propagation of the chain 
proceeds. Most frequently in the present invention it identifies 
polycondensates. 
0030. By highly branched polymers are meant, in the con 
text of the present invention, polymers having a branched 
structure and a high functionality, i.e., a high density of func 
tional groups. For a general definition of highly branched 
polymers, refer to P. J. Flory, J. Am. Chem. Soc., 1952, 74. 
2718, and H. Frey et al., Chem. Eur, J., 2000, 6, No. 14, 2499. 
They include Star polymers, dendrimers, structurally and 
molecularly nonuniform highly branched polymers, and high 
molecular mass branched polymers different than these, Such 
as comb polymers. Star polymers are polymers in which three 
or more chains extend out from one center. The center may be 
a single atom or a group of atoms. Dendrimers (cascade 
polymers) are molecularly uniform polymers having a highly 
symmetrical structure. In structural terms they derive from 
star polymers, with their chains branching again in a starlike 
manner. Dendrimers are prepared from small molecules by 
means of repeated reaction sequences. The number of mono 
mer end groups grows exponentially with each reaction step 
and results in a spherical, treelike structure. On account of 
their uniform structure, dendrimers possess a uniform 
molecular weight. 
0031. In the context of the present invention it is preferred 
to use highly branched polymers which are different than 
dendrimers, i.e., which are both structurally and molecularly 
nonuniform (and hence do not have a uniform molecular 
weight, instead having a molecular weight distribution). 
Depending on reaction regime, they may be constructed on 
the one hand starting from a central molecule, in the same way 
as dendrimers, but with a nonuniform branched chain length. 
On the other hand, they may also extend out from linear 
molecules and be constructed with branched functional side 
groups. 
0032 “Highly branched for the purposes of the present 
invention means, furthermore, that the degree of branching 
(DB) is 10% to 99.9%, preferably 20% to 99%, and more 
particularly from 20% to 95%. The degree of branching is the 
average number of dendritic links plus the average number of 
end groups per molecule, divided by the sum of average 
number of dendritic links, average number of linear links, and 
average number of end groups, multiplied by 100. By “den 
dritic’ in this context is meant that the degree of branching at 
this point in the molecule is 99.9 to 100%. For the definition 
of the degree of branching, refer also to H. Frey et al., Acta 
Polym. 1997, 48, 30. 
0033. The highly branched polymers used in accordance 
with the invention are substantially noncrosslinked. “Sub 
stantially noncrosslinked' or “noncrosslinked in the sense of 
the present invention means that there is a degree of crosslink 
ing of less than 15% by weight, preferably of less than 10% by 
weight, the degree of crosslinking being determined via the 
insoluble fraction of the polymer. The insoluble fraction of 
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the polymer is determined, for example, by 4-hour extraction 
with the same solvent as used for the gel permeation chroma 
tography (GPC), in other words preferably dimethylaceta 
mide or hexafluoroisopropanol, depending on the solvent in 
which the polymer has the better solubility, in a Soxhlet 
apparatus, and by weighing the residue that remains after the 
extracted material has been dried to constant weight. 
0034. The highly branched polymers used in accordance 
with the invention preferably have a number-average molecu 
lar weight, M. ofat least 500, as for example from 500 to 200 
000 or preferably from 500 to 100 000 or more preferably 
from 500 to 50000 or more preferably still from 500 to 30000 
or even more preferably from 500 to 20 000 or more particu 
larly from 500 to 10000; with particular preference, of at least 
750, as for example from 750 to 200 000 or preferably from 
750 to 100 000 or more preferably from 750 to 50 000 or more 
preferably still from 750 to 30 000 or even more preferably 
from 750 to 20 000 or more particularly from 750 to 10 000; 
and more particularly of at least 1000, as for example from 
1000 to 200 000 or preferably from 1000 to 100 000 or more 
preferably from 1000 to 50 000 or more preferably still from 
1000 to 30 000 or even more preferably from 1000 to 20 000 
or more particularly from 1000 to 10 000. 
0035. The highly branched polymers used in accordance 
with the invention preferably have a weight-average molecu 
lar weight, M, of at least 1000, as for example from 1000 to 
500 000 or preferably from 1000 to 200 000 or more prefer 
ably from 1000 to 100 000 or more preferably still from 1000 
to 60 000 or even more preferably from 1000 to 40 000 or 
particularly from 1000 to 20 000; with particular preference, 
of at least 1500, as for example from 1500 to 500 000 or 
preferably from 1500 to 200 000 or more preferably from 
1500 to 100 000 or more preferably still from 1500 to 60 000 
or even more preferably from 1500 to 40 000 or more par 
ticularly from 1500 to 20000; and more particularly of at least 
2000, as for example from 2000 to 500 000 and preferably 
from 2000 to 200 000 or more preferably from 2000 to 100 
000 or more preferably still from 2000 to 60000 or even more 
preferably from 2000 to 40 000 or more particularly from 
2000 to 20 OOO. 

0036. The polydispersity (PD=M/M) is preferably in 
the range from 1.0 to 30, more preferably from 1.3 to 20, more 
preferably still from 1.5 to 10, and more particularly from 1.5 
to 5. 

0037. The figures given in the context of the present inven 
tion for molecular weights (M. M.) and for the polydisper 
sity refer to figures resulting from gel permeation chromatog 
raphy (GPC) in a suitable solvent, such as 
hexafluoroisopropanol, tetrahydrofuran, N,N-dimethylaceta 
mide or water, with PMMA calibration. 
0038. In contradistinction to the polymers the oligomeric 
compounds (V) and (vi) are low molecular mass products 
which are formed by the condensation of a few molecules, 
preferably 2, 3, 4 or 5 molecules, more preferably 2, 3 or 4 
molecules, and have a defined molecular weight. For 
example, the oligomeric compounds (V) are formed by the 
condensation of a urea molecule or of a urea derivative with 
one or with two amine molecule(s). The oligomeric com 
pounds (vi) come about, for example, through the condensa 
tion of a melamine molecule with one, two or three amine 
molecule(s). 
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0039. Unless indicated otherwise, the following general 
definitions apply in the context of the present invention: 
0040 C-C-Alkyl stands for a linear or branched alkyl 
radical having 1 to 4 carbonatoms. These radicals are methyl, 
ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, isobutyl, and 
tert-butyl. 
0041 Linear C-C-alkyl stands for a linear alkyl radical 
having 1 to 4 carbonatoms. These radicals are methyl, ethyl, 
n-propyl, and n-butyl. 
0042 C-C-Alkyl stands for a linear or branched alkyl 
radical having 2 to 6 carbon atoms. Examples are ethyl, 
n-propyl, isopropyl. n-butyl, sec-butyl, isobutyl, tert-butyl, 
pentyl, neopentyl, hexyl, and their constitutional isomers. In 
the amine II (see below) the C-C-alkyl radical carries three 
substituents, E-NHR, E-NHR, and E-NHR'. Accord 
ingly the C-C-alkyl in this case is a C-C-alkanetriyl radi 
cal. Examples are ethane-1,1,1-triyl, ethane-1,1,2-triyl, pro 
pane-1,1,1-triyl, propane-1,1,2-triyl, propane-1,1,3-triyl. 
propane-1,2,2-triyl, propane-1,2,3-triyl, butane-1,1,1-triyl. 
butane-1,1,2-triyl, butane-1,2,2-triyl, butane-1,1,3-triyl. 
butane-1,3,3-triyl, butane-1,14-triyl, butane-1,2,3-triyl. 
butane-1,2,4-triyl and the like. Only if the radicals E, E, and 
E stand for C-Co-alkylene can two or all three of the afore 
mentioned radicals be attached to the same carbonatom of the 
alkanetriyl radical; otherwise they are attached preferably to 
different carbon atoms. 
0043 C-C-Alkyl stands for a linear or branched alkyl 
radical having 1 to 10 carbon atoms. Examples thereof are 
methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, isobu 
tyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, 2-eth 
ylhexyl, nonyl, decyl 2-propylheptyl, and their constitutional 
isomers. 
0044 C-C-Alkyl stands for a linear or branched alkyl 
radical having 1 to 12 carbon atoms. Examples thereof are 
methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, isobu 
tyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, 2-eth 
ylhexyl, nonyl, decyl 2-propylheptyl, 4-methyl-2-propyl 
hexyl, undecyl, dodecyl, and their constitutional isomers. 
0045 C-C-Alkyl stands for a linear or branched alkyl 
radical having 1 to 20 carbon atoms. Examples thereof, in 
addition to the radicals stated for C-C2-alkyl, are tridecyl 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl. 
nonadecyl, eicosyl, and their constitutional isomers. 
0046 C-C-Alkenyl stands for a singly unsaturated ali 
phatic hydrocarbon radical having 2 to 10 carbon atoms. 
Examples thereofare ethenyl, 1-propenyl, 2-propenyl, 1-me 
thyl-ethenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-methyl-1- 
propenyl, 2-methyl-1-propenyl, 1-methyl-2-propenyl, 2-me 
thyl-2-propenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 
4-pentenyl, 1-methyl-1-butenyl, 2-methyl-1-butenyl, 3-me 
thyl-1-butenyl, 1-methyl-2-butenyl, 2-methyl-2-butenyl, 
3-methyl-2-butenyl, 1-methyl-3-butenyl, 2-methyl-3-bute 
nyl, 3-methyl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-dim 
ethyl-1-propenyl, 1,2-dimethyl-2-propenyl, 1-ethyl-1-prope 
nyl, 1-ethyl-2-propenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl, 
4-hexenyl, 5-hexenyl, 1-methyl-1-pentenyl, 2-methyl-1-pen 
tenyl, 3-methyl-1-pentenyl, 4-methyl-1-pentenyl, 1-methyl 
2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-2-pentenyl, 
4-methyl-2-pentenyl, 1-methyl-3-pentenyl, 2-methyl-3-pen 
tenyl, 3-methyl-3-pentenyl, 4-methyl-3-pentenyl, 1-methyl 
4-pentenyl, 2-methyl-4-pentenyl, 3-methyl-4-pentenyl, 
4-methyl-4-pentenyl, 1,1-dimethyl-2-butenyl, 1,1-dimethyl 
3-butenyl, 1,2-dimethyl-1-butenyl, 1,2-dimethyl-2-butenyl, 
1,2-dimethyl-3-butenyl, 1,3-dimethyl-1-butenyl, 1,3-dim 
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ethyl-2-butenyl, 1,3-dimethyl-3-butenyl, 2,2-dimethyl-3- 
butenyl, 2,3-dimethyl-1-butenyl, 2,3-dimethyl-2-butenyl, 
2,3-dimethyl-3-butenyl, 3.3-dimethyl-1-butenyl, 3.3-dim 
ethyl-2-butenyl, 1-ethyl-1-butenyl, 1-ethyl-2-butenyl, 
1-ethyl-3-butenyl, 2-ethyl-1-butenyl, 2-ethyl-2-butenyl, 
2-ethyl-3-butenyl, 1,1,2-trimethyl-2-propenyl, 1-ethyl-1- 
methyl-2-propenyl, 1-ethyl-2-methyl-1-propenyl, 1-ethyl-2- 
methyl-2-propenyl, 1-, 2- and 3-heptenyl, 1-, 2-, 3- and, 
4-octenyl, 1-, 2-, 3-, and 4-nonenyl, and 1-, 2-, 3-, 4-, and 
5-decenyl, and positional isomers thereof. 
0047 Aryl stands for a carbocyclic aromatic radical hav 
ing 6 to 14 carbon atoms, such as phenyl, naphthyl, anthra 
cenyl or phenanthrenyl. Preferably aryl stands for phenyl or 
naphthyl and more particularly for phenyl. 
0048 Aryl-C-C-alkyl stands for C-C-alkyl, which is 
as defined above, with one hydrogenatom replaced by an aryl 
group. Examples are benzyl, phenethyl, and the like. 
0049 C-C-Alkylene is a linear or branched divalent 
alkyl radical having 1, 2, 3 or 4 carbon atoms. Examples are 
—CH2—, —CH2CH2—, —CH(CH)—, —CH2CHCH . 
—CH(CH)CH , —CH2CHCCH)— —C(CH) , 
—CHCHCHCH , —CH(CH)CHCH , 
—CH2CH2CH(CH) , —C(CH)CH , —CHC(CH) 

, and —CH2CH2CH2CH2CH2—. 
0050 Linear or branched C-C-alkylene is a linear or 
branched divalent alkyl radical having 2, 3, 4 or 5 carbon 
atoms. Examples are —CHCH , —CH(CH)—, 
—CH2CH2CH2—, —CH(CH)CH2—, —CH2CH(CH)—, 
—C(CH) , —CH2CH2CH2CH2—, CH(CH) 
CHCH , —CHCH-CH(CH) , —C(CH),CH , 
—CHC(CH) , and —CH2CH2CH2CH2CH2—. 
0051 Linear or branched C-C-alkylene is a linear or 
branched divalent alkyl radical having 2, 3, 4, 5 or 6 carbon 
atoms. Examples, in addition to the radicals stated above for 
C-C-alkylene, are —CHCHCHCHCHCH . 
0052 Linear or branched C-C-alkylene is a linear or 
branched divalent alkyl radical having 4 to 8 carbon atoms. 
Examples are —CHCHCHCH , —CH(CH) 
CHCH , —CHCH-CH(CH)— —C(CH)-CH . 
—CHC(CH) , —CHCHCHCHCH , —CHC 
(CH)2CH2—, —CH2CH2CH2CH2CHCH —(CH) 
— —(CH) , and positional isomers thereof. 
0053 Linear or branched C-Co-alkylene is a linear or 
branched divalent alkyl radical having 2 to 10 carbon atoms. 
Examples, in addition to the radicals stated above for C-Cs 
alkylene, are the higher homologs with 6 to 10 carbon atoms, 
Such as hexylene, heptylene, octylene, nonylene, and 
decylene. 
0054 Linear or branched C-Co-alkylene is a linear or 
branched divalent alkyl radical having 1 to 10 carbon atoms. 
Examples, in addition to the radicals stated above for C-Co 
alkylene, are methylene (—CH2—). 
0055 Linear or branched C-Co-alkylene is a linear or 
branched divalent alkyl radical having 2 to 20 carbon atoms. 
Examples, in addition to the radicals stated above for C-Cs 
alkylene, are the higher homologs having 6 to 20 carbon 
atoms, such as hexylene, heptylene, octylene, nonylene, 
decylene, undecylene, dodecylene, tridecylene, tetrade 
cylene, pentadecylene, hexadecylene, heptadecylene, octade 
cylene, nonadecylene, and eicosylene. 
0056 Alkenylene is a linear or branched aliphatic, singly 
or multiply, e.g., singly or doubly, olefinically unsaturated 
divalent radical having for example 2 to 20 or 2 to 10 or 4 to 
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8 carbonatoms. If the radical contains more than one carbon 
carbon double bond these bonds are preferably not vicinal, 
i.e., not allenic. 
0057 Alkynylene is a linear or branched aliphatic divalent 
radical having, for example, 2 to 20 or 2 to 10 or 4 to 8 carbon 
atoms and containing one or more, e.g., 1 or 2, carbon-carbon 
triple bonds. 
0.058 C-C-Cycloalkylene stands for a divalent monocy 
clic, Saturated hydrocarbon group having 5 to 8 carbon ring 
members. Examples are cyclopentane-1,2-diyl, cyclopen 
tane-1,3-diyl, cyclohexane-1,2-diyl, cyclohexane-1,3-diyl. 
cyclohexane-1,4-diyl, cycloheptane-1,2-diyl, cycloheptane 
1,3-diyl, cycloheptane-1,4-diyl, cyclooctane-1,2-diyl. 
cyclooctane-1,3-diyl, cyclooctane-1,4-diyl, and cyclooctane 
1,5-diyl. 
0059 5- or 6-membered unsaturated nonaromatic hetero 
cycle attached by N and possibly further comprising one or 
two further nitrogen atoms or one further sulfur atom or 
oxygen atom as ring member stands, for example, for pyrro 
lin-1-yl, pyrazolin-1-yl, imidazolin-1-yl, 2,3-dihydrooxazol 
3-yl, 2.3- and 2,5-dihydroisoxazol-2-yl, 2,3-dihydrothiazol 
3-yl, 2.3- and 2,5-dihydroisothiazol-2-yl, 1.2.3-1H 
triazolin-1-yl, 1,2,4-1H-triazolin-1-yl, 1,3,4)-1H 
triazolin-1-yl, 1,2,3-2H-triazolin-2-yl, 1,2-dihydropyridin 
1-yl, 1,4-dihydropyridin-1-yl, 1,2,3,4-tetrahydropyridin-1- 
yl, 1,2-dihydropyridazin-1-yl, 1,4-dihydropyridazin-1-yl, 
1,6-dihydropyridazin-1-yl, 1.2.3,4-tetrahydropyridazin-1-yl, 
1,4,5,6-tetrahydropyridazin-1-yl, 1,2-dihydropyrimidin-1- 
yl, 1,4-dihydropyrimidin-1-yl, 1,6-dihydropyrimidin-1-yl, 
1,2,3,4-tetrahydropyrimidin-1-yl, 1,4,5,6-tetrahydropyrimi 
din-1-yl, 1,2-dihydropyrazin-1-yl, 1,4-dihydropyrazin-1-yl, 
1,2,3,4-tetrahydropyrazin-1-yl, 1,4-oxazin-4-yl, 2,3-dihy 
dro-1-4-oxazin-4-yl, 2,3,5,6-tetrahydro-1-4-oxazin-4-yl-1, 
4-thiazin-4-yl, 2,3-dihydro-1-4-thiazin-4-yl, 2,3,5,6-tetrahy 
dro-1-4-thiazin-4-yl, 1,2-dihydro-1,3,5-triazin-1-yl, 1,2,3,4- 
tetrahydro-1,3,5-triazin-1-yl and the like. 
0060 5- or 6-membered unsaturated aromatic heterocycle 
attached via N and possibly further comprising a further 
nitrogenatom as ring member is 5-membered and stands, for 
example, for pyrrol-1-yl, pyrazol-1-yl, imidazolyl-1-yl, and 
triazol-1-yl. 
0061 5- or 6-membered saturated, partly unsaturated or 
aromatic heterocycle comprising 1, 2 or 3 heteroatoms, 
selected from N, O, and S, as ring member stands, for 
example, for 2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 2-tet 
rahydrothienyl, 3-tetrahydrothienyl, 1-pyrrolidinyl, 2-pyrro 
lidinyl, 3-pyrrolidinyl, 2-isoxazolidinyl, 3-isoxazolidinyl, 
4-isoxazolidinyl, 5-isoxazolidinyl, 2-isothiazolidinyl, 
3-isothiazolidinyl, 4-isothiazolidinyl, 5-isothiazolidinyl, 
1-pyrazolidinyl, 3-pyrazolidinyl, 4-pyrazolidinyl, 2-oxazo 
lidinyl, 3-oxazolidinyl, 4-oxazolidinyl, 5-oxazolidinyl, 
2-thiazolidinyl, 3-thiazolidinyl, 4-thiazolidinyl, 5-thiazolidi 
nyl, 1-imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl, 
1,2,4-oxadiazolidin-3-yl, 1,2,4-oxadiazolidin-5-yl, 1,2,4- 
thiadiazolidin-3-yl, 1,2,4-thiadiazolidin-5-yl, 1,2,4-triazoli 
din-3-yl, 1,3,4-oxadiazolidin-2-yl, 1,3,4-thiadiazolidin-2-yl, 
1,3,4-triazolidin-1-yl, 1,3,4-triazolidin-2-yl, 1,3,4-triazoli 
din-3-yl, 1,3,4-triazolidin-4-yl, 2,3-dihydrofur-2-yl, 2,3-di 
hydrofur-3-yl, 2,4-dihydrofur-2-yl, 2,4-dihydrofur-3-yl, 2.3- 
dihydrothien-2-yl, 2,3-dihydrothien-3-yl, 2,4-dihydrothien 
2-yl, 2,4-dihydrothien-3-yl 2-pyrrolin-2-yl, 2-pyrrolin-3-yl, 
3-pyrrolin-2-yl, 3-pyrrolin-3-yl, 2-isoxazolin-3-yl 3-isox 
aZolin-3-yl 4-isoxazolin-3-yl, 2-isoxazolin-4-yl, 3-isoxazo 
lin-4-yl 4-isoxazolin-4-yl, 2-isoxazolin-5-yl, 3-isoxazolin 
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5-yl 4-isoxazolin-5-yl, 2-isothiazolin-3-yl 3-isothiazolin-3- 
y1, 4-isothiazolin-3-yl 2-isothiazolin-4-yl, 3-isothiazolin-4- 
y1, 4-isothiazolin-4-yl, 2-isothiazolin-5-yl, 3-isothiazolin-5- 
y1, 4-isothiazolin-5-yl, 2,3-dihydropyrazol-1-yl, 2.3- 
dihydropyrazol-2-yl, 2,3-dihydropyrazol-3-yl, 2,3- 
dihydropyrazol-4-yl, 2,3-dihydropyrazol-5-yl, 3,4- 
dihydropyrazol-1-yl, 3,4-dihydropyrazol-3-yl, 3,4- 
dihydropyrazol-4-yl, 3,4-dihydropyrazol-5-yl, 4,5- 
dihydropyrazol-1-yl 4,5-dihydropyrazol-3-yl 4,5-dihydro 
pyrazol-4-yl, 4.5-dihydropyrazol-5-yl, 2,3-dihydrooxazol-2- 
y1, 2,3-dihydrooxazol-3-yl, 2,3-dihydrooxazol-4-yl, 2.3- 
dihydrooxazol-5-yl, 3,4-dihydrooxazol-2-yl, 3,4- 
dihydrooxazol-3-yl, 3,4-dihydrooxazol-4-yl, 3,4- 
dihydrooxazol-5-yl, 3,4-dihydrooxazol-2-yl, 3,4- 
dihydrooxazol-3-yl, 3,4-dihydrooxazol-4-yl, 1-piperidinyl, 
2-piperidinyl, 3-piperidinyl, 4-piperidinyl, 1.3-dioxan-5-yl, 
2-tetrahydropyranyl, 4-tetrahydropyranyl, 2-tetrahydrothie 
nyl, 3-hexahydropyridazinyl, 4-hexahydropyridazinyl, 
2-hexahydropyrimidinyl, 4-hexahydropyrimidinyl, 
5-hexahydropyrimidinyl, 2-piperazinyl, 1.3.5-hexahydro-tri 
azin-2-yl, 1,2,4-hexahydrotriazin-3-yl 2-furyl, 3-furyl, 
2-thienyl, 3-thienyl, 1-pyrrolyl 2-pyrrolyl, 3-pyrrolyl, 
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 3-isothiazolyl, 
4-isothiazolyl, 5-isothiazolyl, 1-pyrazolyl, 3-pyrazolyl, 
4-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 1-imidazolyl, 2-imida 
Zolyl, 4-imidazolylyl, 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol 
5-yl, 1,2,4-thiadiazol-3-yl, 1,2,4-thiadiazol-5-yl, 1,2,4-tria 
Zol-3-yl, 1.3,4-oxadiazol-2-yl, 1.3,4-thiadiazol-2-yl, and 1.3, 
4-triazol-2-yl; pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, 
3-pyridazinyl, 4-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 
5-pyrimidinyl, 2-pyrazinyl, 1.3.5-rriazin-2-yl, and 1,2,4-tri 
azin-3-yl. 
0062 By a primary amino group is meanta radical—NH. 
By a secondary amino group is meant a radical —NHR, R 
being other than H. 
0063. The observations made above and below in relation 
to preferred embodiments of the inventive use, composition, 
and epoxy resins, more particularly on the condensation prod 
ucts employed in accordance with the invention and on their 
parent monomers and further reaction components, apply not 
only individually per se but also, more particularly, in any 
conceivable combination with one another. 
0064. The urea derivatives of components (i-1) and (V-1) 
are preferably selected from 

0065 substituted ureas of formula R'R''N C(=O)— 
NRR", in which R', R. R. and R independently of 
one another are selected from hydrogen, C-C2-alkyl, 
aryl, and aryl-C-C-alkyl, with at least one of the radi 
cals R. R. R. and R not being hydrogen; 

0066 or R' and Rand/or R and Reach together are 
C-C-alkylene, with one methylene group (i.e., a CH 
group in the alkylene chain) optionally being replaced 
by a carbonyl group; 

I0067 or R' and R together are C-C-alkylene, with 
one methylene group (i.e., a CH2 group in the alkylene 
chain) optionally being replaced by a carbonyl group; 

0068 or R' and R and/or R and R, in each case 
together with the nitrogen atom to which they are 
attached, form a 5- or 6-membered unsaturated aromatic 
or nonaromatic ring which may comprise one or two 
further nitrogen atoms or a Sulfur atom or oxygen atom 
as ring member (i.e., R and R, and/or R and R. 
together with the nitrogen atom to which they are 
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attached, stand for a 5- or 6-membered unsaturated aro 
matic or nonaromatic ring which is attached via N and 
may comprise one or two further nitrogen atoms or one 
Sulfur atom or oxygen atom as ring member); 

0069 biuret 
0070 thiourea: 
(0071 substituted thioureas of formula RRN C 
(—S) NR7R, in which R. R. R', and R indepen 
dently of one another are selected from hydrogen, 
C-C2-alkyl, aryl, and aryl-C-C-alkyl, with at least 
one of the radicals R. R. R', and R not being hydro 
gen, 

0072 or Rand Rand/or R7 and Reach together are 
C-C-alkylene, with one methylene group (i.e., a CH 
group in the alkylene chain) optionally being replaced 
by a carbonyl group; 

I0073 or R and R together are C-Cs-alkylene, with 
one methylene group (i.e., a CH2 group in the alkylene 
chain) optionally being replaced by a carbonyl group; or 
Rand Rand/or RandR, in each case together with 
the nitrogen atom to which they are attached, form a 5 
or 6-membered unsaturated aromatic or nonaromatic 
ring which may comprise one or two further nitrogen 
atoms or a Sulfur atom or oxygen atom as ring member 
(i.e., R and R', and/or R and R, together with the 
nitrogen atom to which they are attached, stand for a 5 
or 6-membered unsaturated aromatic or nonaromatic 
ring which is attached via N and may comprise one or 
two further nitrogenatoms or one Sulfur atom or oxygen 
atom as ring member); 

0.074 guanidine: 
0075 substituted guanidines of the formula R'R''N- 
C(—NR'') NR'R'', in which R, R, R'', R', and 
R" independently of one another are selected from 
hydrogen, C-C2-alkyl, aryl, and aryl-C-C-alkyl, 
with at least one of the radicals R. R', R', R', and 
R" not being hydrogen; 

0.076 or R and R'' and/or R'' and R' each together 
are C-C-alkylene, with one methylene group (i.e., a 
CH2 group in the alkylene chain), optionally being 
replaced by a carbonyl group; 

0.077 or Rand R'' together are C-C-alkylene, with 
one methylene group (i.e. a CH group in the alkylene 
chain), optionally being replaced by a carbonyl group; or 
R and R'' and/or R'' and R', in each case together 
with the nitrogen atom to which they are attached, form 
a 5- or 6-membered unsaturated aromatic or nonaro 
matic ring which may further comprise one further nitro 
gen atom, Sulfur atom or oxygen atom as ring member 
(i.e., R and R', and/or R'' and R', together with the 
nitrogen atom to which they are attached, stand for a 5 
or 6-membered unsaturated aromatic or nonaromatic 
ring which is attached via N and may comprise one or 
two further nitrogenatoms or one Sulfur atom or oxygen 
atom as ring member); and 

0078 carbonic esters of the formula R O CO 
O R', in which R'' and R' independently of one 
another are selected from C-C2-alkyl, aryl, and aryl 
C-C-alkyl, or R'' and R' together are C-Cs-alky 
lene. 

0079. It is of course also possible to use mixtures of dif 
ferent urea derivatives. 
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0080. In one preferred embodiment, in the substituted 
ureas, R and R are hydrogen and R' and R are alike or 
different and are C-C2-alkyl, aryl or aryl-C-C-alkyl. 
Examples thereof are N,N-dimethylurea, N,N'-diethylurea, 
N,N'-dipropylurea, N,N'-diisopropyl-urea, N,N'-di-n-buty 
lurea, N,N'-diisobutylurea, N,N'-di-sec-butylurea, N,N'-di 
tert-butylurea, N,N'-dipentylurea, N,N'-dihexylurea, N,N'- 
diheptylurea, N,N'-dioctylurea, N,N'-didecylurea, N,N'- 
didodecylurea, N,N'-diphenylurea, N,N'-dinaphthylurea, 
N,N'-ditolylurea, N,N'-dibenzylurea, N-methyl-N'-pheny 
lurea, and N-ethyl-N'-phenylurea. 
0081. In an alternatively preferred embodiment R', R, 
R, and R are alike and are linear C-C-alkyl. Examples 
thereof are N,N,N',N'-tetramethylurea and N.N.N',N'-tetra 
ethyl-urea. 
I0082 In an alternatively preferred embodiment R' and R' 
and also RandR'each together are C-Cs-alkylene, with one 
methylene group (CH) in the alkylene chain possibly being 
replaced by a carbonyl group (CO); that is, RandR together 
form a C-C-alkylene group in which a methylene group 
(CH) in the alkylene chain may be replaced by a carbonyl 
group (CO), and R and R together form a C-Cs-alkylene 
group in which a methylenegroup (CH) in the alkylene chain 
may be replaced by a carbonyl group (CO). Examples thereof 
are di(tetrahydro-1H-pyrrol-1-yl)methanone, bis(pentameth 
ylene)urea and carbonylbiscaprolactam. 
0083. In an alternatively preferred embodiment RandR 
are hydrogen and R' and R together form a C-C-alkylene 
group, with a methylene group possibly being replaced by a 
carbonyl group. Examples thereof are ethyleneurea and also 
1.2- or 1,3-propyleneurea. 
I0084. In an alternatively preferred embodiment RandR 
and also R and Reach together with the nitrogen atom to 
which they are attached form an unsaturated aromatic or 
nonaromatic heterocycle as defined above. Examples thereof 
are carbonyldipyrazole and carbonyldiimidazole. 
0085. In one preferred embodiment, in the substituted 
thioureas, Rand Rare hydrogen and Rand Rare alike or 
different and are C-C2-alkyl, aryl or aryl-C-C-alkyl. 
Examples thereofare N,N'-dimethylthiourea, N,N'-diethylth 
iourea, N,N'-dipropylthiourea, N,N'-diisopropylthiourea, 
N,N'-di-n-butylthiourea, N,N'-diisobutylthiourea, N,N'-di 
sec-butylthiourea, N,N'-di-tert-butylthiourea, N,N'-dipen 
tylthiourea, N,N'-dihexylthiourea, N,N'-diheptylthiourea, 
N,N'-dioctylthiourea, N,N'-didecylthiourea, N,N'-didode 
cylthio-urea, N,N'-diphenylthiourea, N,N'-dinaphthylthio 
urea, N,N'-ditolylthiourea, N,N'-dibenzylthiourea, N-me 
thyl-N'-phenylthiourea, and N-ethyl-N'-phenylthiourea. 
I0086. In an alternatively preferred embodiment R. R. 
R", and R are alike and are linear C-C-alkyl. Examples 
thereof are N.N.N',N'-tetramethylthiourea and N.N.N',N'- 
tetra-ethylthiourea. 
0087. In an alternatively preferred embodiment RandR 
and also RandR each together are C-Cs-alkylene, with one 
methylene group (CH) in the alkylene chain possibly being 
replaced by a carbonyl group (CO); that is, RandR together 
form a C-C-alkylene group in which a methylene group 
(CH) in the alkylene chain may be replaced by a carbonyl 
group (CO), and R7 and R together form a C-C-alkylene 
group in which a methylenegroup (CH) in the alkylene chain 
may be replaced by a carbonyl group (CO). Examples thereof 
are di(tetrahydro-1H-pyrrol-1-yl)methanethione, bis(pen 
tamethylene)thiourea and thiocarbonylbiscaprolactam. 
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I0088. In an alternatively preferred embodiment RandR 
are hydrogen and Rand R7 together form a C-C-alkylene 
group, with a methylene group possibly being replaced by a 
thiocarbonyl group. Examples thereof are ethylenethiourea 
and also 1.2- or 1,3-propylenethiourea. 
I0089. In an alternatively preferred embodiment RandR 
and also R' and Reach together with the nitrogen atom to 
which they are attached form an unsaturated aromatic or 
nonaromatic heterocycle as defined above. Examples thereof 
are thiocarbonyldipyrazole and thiocarbonyldiimidazole. 
0090 Guanidine can also be used in the form of a guani 
dine salt, such as guanidine nitrate or, more particularly, 
guanidine carbonate. 
0091. In one preferred embodiment, in the substituted 
guanidines, R', R', and R' are hydrogen and Rand R' 
are alike or different and are C-C2-alkyl, aryl or aryl-C- 
C-alkyl. Examples thereof are N,N'-dimethylguanidine, 
N,N'-diethylguanidine, N,N'-dipropylguanidine, N,N'-diiso 
propylguanidine, N,N'-di-n-butylguanidine, N,N'-diiso-bu 
tylguanidine, N,N'-di-sec-butylguanidine, N,N'-di-tert-bu 
tylguanidine, N,N'-dipentyl-guanidine, N,N'- 
dihexylguanidine, N,N'-diheptylguanidine, N,N'- 
dioctylguanidine, N,N'-didecylguanidine, N,N'- 
didodecylguanidine, N,N'-diphenylguanidine, N,N'- 
dinaphthyl-guanidine, N,N'-ditolylguanidine, N,N'- 
dibenzylguanidine, N-methyl-N'-phenylguanidine, and 
N-ethyl-N'-phenylguanidine. 
0092. In an alternatively preferred embodiment R. R', 
R', and Rare alike and are linear C-C-alkyl and R'' is H 
or methyl and more particularly H. Examples thereof are 
N.N.N',N'-tetramethylguanidine and N.N.N',N'-tetraeth 
ylguanidine. 
0093. In an alternatively preferred embodiment R and 
R" and also R' and R' each together are C-Cs-alkylene, 
with one methylene group (CH) possibly being replaced by 
a carbonyl group (CO); that is, Rand R' together form a 
C-C-alkylene group in which a methylene group (CH2) 
may be replaced by a carbonyl group (CO), and R'' and R' 
together form a C-Cs-alkylene group in which a methylene 
group (CH) may be replaced by a carbonyl group (CO), and 
R'' is Hor methyl and more particularly H. Examples thereof 
are di(tetrahydro-1H-pyrrol-1-yl)imine, bis(pentamethyl 
ene)guanidine and iminobiscaprolactam. 
(0094. In an alternatively preferred embodiment R', R'', 
and R' are hydrogen and RandR'' together form a C-Cs 
alkylene group, with a methylene group optionally being 
replaced by a carbonyl group. Examples thereof are ethyl 
eneguanidine and also 1.2- or 1,3-propyleneguanidine. 
0095. In an alternatively preferred embodiment R and 
R'' and also R' and Reach together with the nitrogenatom 
to which they are attached form an unsaturated aromatic or 
nonaromatic heterocycle as defined above, and R'' is H or 
methyl and more particularly H. Examples thereof are imi 
nodipyrazole and iminodiimidazole. 
(0096. In one preferred embodiment R'' and R' are 
C-C-alkyl. With particular preference the two radicals are 
alike. Examples thereof are dimethyl carbonate, diethyl car 
bonate, dipropyl carbonate, diisopropyl carbonate, di-n-butyl 
carbonate, di-sec-butyl carbonate, diisobutyl carbonate, and 
di-tert-butyl carbonate. Of these, preference is given to dim 
ethyl carbonate and diethyl carbonate. 
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0097. In one alternatively preferred embodiment R'' and 
R" together are C-Cs-alkylene and preferably C-C-alky 
lene. Examples of such carbonates are ethylene carbonate and 
also 1.2- and 1,3-propylene carbonate. 
0098 Preference among the urea derivatives stated above 

is given to the substituted ureas, thiourea, the substituted 
thioureas, guanidine, the Substituted guanidines, and the car 
bonic esters. More strongly preferred are the substituted 
ureas, thiourea, guanidine, and the carbonic esters. Prefer 
ence among these is given to thiourea, N,N'-dimethylurea, 
N,N'-diethylurea, N,N'-di-n-butylurea, N,N'-diisobutylurea, 
N.N.N',N'-tetramethylurea, guanidine, in the form particu 
larly of guanidine carbonate, dimethyl carbonate, diethyl car 
bonate, ethylene carbonate, and 1.2-propylene carbonate. 
Even more strongly preferred are the substituted ureas, thio 
urea, and the carbonic esters. Preference among these is given 
to thiourea, N,N'-dimethylurea, N,N'-diethylurea, N,N'-di-n- 
butylurea, N,N'-diisobutylurea, N.N.N',N'-tetramethylurea, 
dimethyl carbonate, diethyl carbonate, ethylene carbonate, 
and 1.2-propylene carbonate. Particular preference is given to 
using as component (i-1) urea or a Substituted urea of the 
formula R'R''N C(=O) NR'R' in which R', R, R, and 
R" independently of one another are as defined above. Pref 
erably R' and Rare H or C-C-alkyl, particularly methyl or 
ethyl, and R and R are C-C-alkyl, especially methyl or 
ethyl. More particularly use is made as component (i-1) of 
urea itself, optionally in combination with one of the afore 
mentioned urea derivatives, and especially just urea. 
0099. Alternatively, particular preference is given to using 
as component (i-1) a carbonic ester of the formula R'' O— 
CO-O-R' in which R'' and R' independently are as 
defined above. Preferably R'' and Rare C-C-alkyl, espe 
cially methyl or ethyl. 
0100 Preference is given to using as component (V-1) urea 
or a substituted urea of the formula R'R''N C(=O)— 
NR'R' in which R', R. R. and R independently of one 
another are as defined above. Preferably R' and Rare H or 
C-C-alkyl, particularly methyl or ethyl, and RandR are 
C-C-alkyl, especially methyl or ethyl. More particularly 
preferably use is made as component (V-1) of urea itself, 
optionally in combination with one of the aforementioned 
urea derivatives, and more particularly just urea. 
0101 Suitable for contemplation as at least difunctional 
di- or polyisocyanates (iii-1) used for preparing highly 
branched polymers (iii) are the aliphatic, cycloaliphatic, 
araliphatic, and aromatic di- or polyisocyanates that are 
known from the prior art and are exemplified below. They 
include, preferably, 4,4'-diphenylmethane diisocyanate, the 
mixtures of monomeric diphenylmethane diisocyanates and 
oligomeric diphenylmethane diisocyanates (polymeric 
MDI), tetramethylene diisocyanate, tetramethylene diisocy 
anate trimers, hexamethylene diisocyanate, hexamethylene 
diisocyanate trimers, isophorone diisocyanate trimer, 4,4'- 
methylenebis(cyclohexyl) diisocyanate, Xlylene diisocyan 
ate, tetramethylxylylene diisocyanate, dodecyl diisocyanate, 
lysine alkyl ester diisocyanate, where alkyl stands for C-Co 
alkyl, 1,4-diisocyanatocyclohexane or 4-isocyanatomethyl 
1.8-octamethylene diisocyanate. 
0102 Particular preference is given to di- or polyisocyan 
ates which contain NCO groups of different reactivities. 
Mention may be made here of 2,4-tolylene diisocyanate (2,4- 
TDI), 2,4'-diphenylmethane diisocyanate (2.4-MDI), triiso 
cyanatotoluene, isophorone diisocyanate (IPDI), 2-butyl-2- 
ethylpentamethylene diisocyanate, 2,2,4- or 2,4,4-trimethyl 
1,6-hexamethylene diisocyanate, 
2-isocyanatopropylcyclohexyl isocyanate, 3(4)-isocy 
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anatomethyl-1-methylcyclohexyl isocyanate, 1,4-diisocy 
anato-4-methylpentane, 2,4'-methylenebis(cyclohexyl) 
diisocyanate, and 4-methylcyclohexane 1,3-diisocyanate 
(H-TDI). 
0103 Suitability is possessed, furthermore, by di- or poly 
isocyanates whose NCO groups are to start with of equal 
reactivity but in which, by initial addition of a reactant to one 
NCO group, it is possible to induce a drop in reactivity in the 
case of the second NCO group. Examples of Such are isocy 
anates whose NCO groups are coupled via a delocalized 
JL-electron system, examples being 1.3- and 1,4-phenylene 
diisocyanate, 1.5-naphthylene diisocyanate, diphenyl diiso 
cyanate, tolidine diisocyanate or 2,6-tolylene diisocyanate. 
0104. Additionally it is possible to use oligoisocyanates or 
polyisocyanates which can be prepared from the abovemen 
tioned di- or polyisocyanate or mixtures thereof by means of 
linking via urethane, allophanate, urea, biuret, uretdione, 
amide, isocyanurate, carbodiimide, uretonimine, oxadiazin 
etrione or iminooxadiazinedione structures. 

0105. One embodiment uses masked (blocked) di- or 
polyisocyanates as component (iii-1). In masked or blocked 
di- or polyisocyanates the isocyanate groups are reacted 
reversibly to form another functional group that under appro 
priate conditions can be converted back into the isocyanate 
group. Preferably the isocyanate group is reacted with an 
alcohol, preferably a monoalcohol, to form a urethane group. 
The alcohol is generally eliminated simply during the reac 
tion of the blocked di- or polyisocyanate with the amine 
(iii-2). Blocking the isocyanate groups lowers the very high 
reactivity of the isocyanates and enables controlled reaction 
with the amine (iii-2) and hence controlled construction of 
polyureas. 
0106 A feature of other blocking reagents for NCO 
groups is that they ensure thermally reversible blocking of the 
isocyanate groups attemperatures of in general below 160°C. 
Blocking agents of this kind are generally used to modify 
isocyanates that find use in thermally curable one-component 
polyurethane systems. These blocking agents are described 
exhaustively for example, in Z. W. Wicks, Prog. Org. Coat. 3 
(1975) 73-99 and Prog. Org. Coat. 9 (1981), 3-28, D. A. 
Wicks and Z. W. Wicks, Prog. Org. Coat. constituent (B) 
(1999), 148-172 and Prog. Org. Coat. 41 (2001), 1-83, and 
also in Houben-Weyl, Methoden der Organischen Chemie, 
Vol. XIV/2, 61 ff, Georg Thieme Verlag, Stuttgart 1963. 
Blocking agents of this kind are preferably selected from 
phenols, caprolactam, 1H-imidazole, 2-methylimidazole, 
1,2,4-triazole, 3,5-dimethylpyrazole, dialkyl malonates, 
acetanilide, acetone oxime, and butanone oxime. 
0107 The at least one carboxylic acid having at least two 
carboxyl groups (iv-1) may comprise aliphatic, 
cycloaliphatic or aromatic dicarboxylic or tricarboxylic acids 
or polycarboxylic acid. 
0.108 Examples of aliphatic dicarboxylic acids are oxalic 
acid, malonic acid, Succinic acid, glutaric acid, adipic acid, 
pimelic acid, Suberic acid, azelaic acid, sebacic acid, unde 
cane-O.()-dioic acid, and dodecane-am-dioic acid. Also part 
of this group are unsaturated aliphatic dicarboxylic acids Such 
as maleic acid, fumaric acid, and Sorbic acid. 
0109 Examples of cycloaliphatic dicarboxylic acids are 
cis- and trans-cyclohexane-1,2-dicarboxylic acid, cis- and 
trans-cyclohexane-1,3-dicarboxylic acid, cis- and trans-cy 
clopentane-1,4-dicarboxylic acid, and cis- and trans-cyclo 
pentane-1,3-dicarboxylic acid. 



US 2011/0028.603 A1 

0110. Examples of aromatic dicarboxylic acids are 
phthalic acid, isophthalic acid, and terephthalic acid. 
0111. An example of an aliphatic tricarboxylic acid is 
aconitic acid (E-1,2,3-propenetri-carboxylic acid). 
0112 An example of a cycloaliphatic tricarboxylic acid is 
1,3,5-cyclohexanetricarboxylic acid. 
0113. Examples of aromatic tricarboxylic acids are 1,2,4- 
benzenetricarboxylic acid and 1,3,5-benzenetricarboxylic 
acid. 
0114 Examples of carboxylic acids having more than 
three carboxyl groups are 1,2,4,5-benzenetetracarboxylic 
acid (pyromellitic acid), 1,2,3,4,5,6-benzenehexacarboxylic 
acid (mellitic acid), and low molecular mass polyacrylic acid 
or polymethacrylic acid. 
0115 The carboxylic acids may also carry one or more 
radicals selected from C-Co-alkyl, C-C-cycloalkyl, 
C-Co-alkenyl, and aryl. Examples thereof are 2-methylma 
lonic acid, 2-ethylmalonic acid, 2-phenylmalonic acid, 2-me 
thylsuccinic acid, 2-ethylsuccinic acid, Cis-alkenylsuccinic 
acid, 2-phenylsuccinic acid, itaconic acid. and 3.3-dimethyl 
glutaric acid. 
0116. The carboxylic acids can be used as they are or in the 
form of suitable derivatives. Suitable derivatives are the 
respective anhydrides and the mono-, di- or polyesters, pref 
erably the mono-, di- or poly-C-C-alkyl esters, more par 
ticularly the mono-, di- or polymethyl or -ethyl esters, and 
also, furthermore, the mono-, di- or polyvinyl esters and 
mixed esters. 
0117. As component (iv-1) it is also possible to use mix 
tures of different carboxylic acids and/or different carboxylic 
acid derivatives. 
0118. As component (iv-1) it is preferred to use at least one 
dicarboxylic acid or at least one dicarboxylic acid derivative 
or a mixture thereof. 
0119 Preference among these is given to malonic acid, 
Succinic acid, glutaric acid, adipic acid, 1.2-, 1.3- or 1,4- 
cyclohexanedicarboxylic acid, phthalic acid, isophthalic 
acid, terephthalic acid, and the monoalkyl and dialkyl esters, 
more particularly the mono- and di-C-C-alkyl esters, of the 
aforementioned acids. Said at least one amine having at least 
two primary and/or secondary amino groups, of components 
(i-2), (ii-1), (iii-2), (iv-2), (V-2), and (vi-2), is preferably 
selected from amines of the formula I 

NHR-A-NHR (I) 

in which 
0120 A is a divalent aliphatic, alicyclic, aliphatic-alicy 
clic, aromatic or araliphatic radical, with the aforemen 
tioned radicals also possibly being interrupted by a carbo 
nyl group or by a Sulfone group and/or possibly Substituted 
by 1, 2, 3 or 4 radicals selected from C-C-alkyl; or is a 
divalent radical of the formula 

-EB—X B 

0121 in which 
(0.122 each Xindependently is O or NR, in which R is 

H, C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy, 
and preferably is H. C-C-alkyl or C-C-alkoxy; 

I0123 each B independently of one another is C-C- 
alkylene; and 

0.124 m is a number from 1 to 100; preferably 1 to 80, 
and more particularly 1 to 20; and 

I0125 R" and R' independently of one another are H, 
C-C-alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy, and 
preferably are H. C-C-alkyl or C-C-alkoxy. 

0126. Also suitable are mixtures of these amines. 
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I0127 Divalent aliphatic radicals are those which contain 
no cycloaliphatic, aromatic or heterocyclic constituents. 
Examples are alkylene, alkenylene, and alkynylene radicals. 
I0128 Divalentalicyclic radicals may contain one or more, 
e.g., one or two, alicyclic radicals; however, they contain no 
aromatic or heterocyclic constituents. The alicyclic radicals 
may be substituted by aliphatic radicals, but bonding sites for 
the NHR- and NHR' groups are located on the alicyclic 
radical. 
I0129. Divalent aliphatic-alicyclic radicals contain not 
only at least one divalentaliphatic radical but also at least one 
divalent alicyclic radical, the two bonding sites for the HR 
and NHR' groups possibly being located either both on the 
alicyclic radical(s) or both on the aliphatic radical(s) or one on 
an aliphatic radical and the other on an alicyclic radical. 
0.130 Divalent aromatic radicals may contain one or more, 
e.g., one or two, aromatic radicals; however, they contain no 
alicyclic or heterocyclic constituents. The aromatic radicals 
may be substituted by aliphatic radicals, but both bonding 
sites for the NHR- and NHR' groups are located on the 
aromatic radical(s). 
I0131 Divalentaraliphatic radicals contain not only at least 
one divalent aliphatic radical but also at least one divalent 
aromatic radical, the two bonding sites for the NHR'' and 
NHR' groups possibly being located either both on the aro 
matic radical(s) or both on the aliphatic radical(s) or one on an 
aliphatic radical and the other on an aromatic radical. 
0.132. In one preferred embodiment the divalent aliphatic 
radical A is linear or branched C-Co-alkylene, more pref 
erably linear or branched C-Co-alkylene, and more particu 
larly linear or branched C-C-alkylene. 
0.133 Examples of suitable amines in which the radical A 
has this definition (C-Co-alkylene) are 1.2-ethylenedi 
amine, 1.2- and 1,3-propylenediamine, 2.2-dimethyl-1,3- 
propanediamine, 1,4-butylenediamine, 1.5-pentylenedi 
amine, hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, nonamethylenediamine, decameth 
ylenediamine, undecamethylenediamine, dodecamethylene 
diamine, tridecamethylenediamine, tetradecamethylenedi 
amine, pentadecamethylenediamine, 
hexadecamethylenediamine, heptadecamethylenediamine, 
octadecamethylene-diamine, nonadecamethylenediamine, 
eicosamethylenediamine, 2-butyl-2-ethyl-1,5-pentamethyl 
enediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylenedi 
amine, 1,5-diamino-2-methylpentane, and 1,4-diamino-4- 
methylpentane, and the like. 
0.134 Preferred among these are amines in which A is 
linear or branched C-Co-alkylene, such as in 1.2-ethylene 
diamine, 1.2- and 1,3-propylenediamine, 2.2-dimethyl-1,3- 
propanediamine, 1,4-butylenediamine, 1.5-pentylenedi 
amine, hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, nonamethylenediamine, decameth 
ylenediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylene 
diamine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-me 
thylpentan and the like. 
0.135 Particularly preferred among these are amines in 
which A is linear or branched C-Cs-alkylene, such as in 
2,2-dimethyl-1,3-propanediamine, 1,4-butylenediamine, 
1.5-pentylenediamine, hexamethylenediamine, heptameth 
ylenediamine, octamethylene-diamine, 1.5-diamino-2-meth 
ylpentane, 1,4-diamino-4-methylpentane, and the like. In one 
specific embodiment amines are used in which A is linear or 
branched C-C-alkylene, with not more than one branch 
extending from one carbon atom in the branched alkylene. 
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Examples of Such amines are 1,4-butylenediamine, 1,5-pen 
tylenediamine, hexamethylenediamine, heptamethylenedi 
amine, octamethylenediamine, and 1,5-diamino-2-methyl 
pentane, i.e., the amines listed above as having particular 
preference, except for 2,2-dimethyl-1,3-propanediamine and 
1,4-diamino-4-methylpentane. Even more specifically, 
amines are used in which A is linear C-Cs-alkylene, such as 
1,4-butylenediamine, 1.5-pentylenediamine, hexamethyl 
enediamine, heptamethylenediamine, and octamethylenedi 
amine. 

0136. In one preferred embodiment the divalent alicyclic 
radicals Aare selected from Cs-Cs-cycloalkylene, which may 
carry 1, 2, 3 or 4C-C-alkyl radicals. 
0.137 Examples of suitable amines in which the radical A 
has this definition are cyclopentylenediamine, Such as 1.2- 
diaminocyclopentane or 1,3-diaminocyclopentane, cyclo 
hexylenediamine. Such as 1,2-diaminocyclohexane, 1,3-di 
aminocyclohexane or 1,4-diaminocyclohexane, 1-methyl-2, 
4-diaminocyclohexane, 1-methyl-2,6-diaminocyclohexane, 
cycloheptylenediamine, such as 1,2-diaminocycloheptane, 
1,3-diaminocycloheptane or 1,4-diaminocycloheptane, and 
cyclooctylenediamine. Such as 1,2-diaminocyclooctane, 1.3- 
diaminocyclooctane, 1,4-diaminocyclooctane or 1.5-diami 
nocyclooctane. The amino groups ( NHR" and NHR) 
may be positioned cis or trans to one another. 
0.138. In one preferred embodiment the divalentaliphatic 
alicyclic radicals A are selected from Cs-Cs-cycloalkylene 
C-C-alkylene, C5-C8-cycloalkylene-C-C-alkylene-Cs 
Cs-cycloalkylene, and C-C-alkylene-Cs-Cs 
cycloalkylene-C-C-alkylene, it being possible for the 
cycloalkylene radicals to carry 1, 2, 3 or 4C-C-alkyl radi 
cals. 

0139 Examples of suitable amines in which the radical A 
has this definition are diaminodicyclohexylmethane, isophor 
onediamine, bis(aminomethyl)cyclohexane, such as 1,1-bis 
(aminomethyl)cyclohexane, 1.2-bis(aminomethyl)cyclohex 
ane, 1,3-bis(aminomethyl)cyclohexane or 1,4-bis 
(aminomethyl)cyclohexane, 
2-aminopropylcyclohexylamine, 3(4)-aminomethyl-1-meth 
ylcyclohexylamine, and the like. The groups attached to the 
alicyclic radical may each adopt any desired relative position 
(cis/trans) to one another. 
0140. In one preferred embodiment the divalent aromatic 
radicals A are selected from phenylene, biphenylene, naph 
thylene, phenylene-Sulfone-phenylene, and phenylene-car 
bonyl-phenylene, it being possible for the phenylene and 
naphthylene radicals to carry 1, 2, 3 or 4C-C-alkyl radicals. 
01.41 Examples of suitable amines in which the radical A 
has this definition are phenylene-diamine. Such as o-, m-, and 
p-phenylenediamine, tolylenediamine, such as o-, m-, and 
p-tolylenediamine, Xylylenediamine, naphthylenediamine, 
Such as 1.2-, 1.3-1,4-, 1.5-, 1.8-, 2.3-, 2,6-, and 2.7-naphthyl 
ene, diaminodiphenyl Sulfone, such as 2.2-, 3,3'-, and 4,4'- 
diaminodiphenyl Sulfone, and diaminobenzophenone. Such 
as 2.2-, 3,3'-, and 4,4'-diaminobenzophenone. 
0142. In one preferred embodiment the divalent 
araliphatic radicals A are selected from phenylene-C-C- 
alkylene and phenylene-C-C-alkylene-phenylene, it being 
possible for the phenylene radicals to carry 1, 2, 3 or 4C-C- 
alkyl radicals. 
0143. Examples of suitable amines in which the radical A 
has this definition are diaminodiphenylmethane, Such as 2,2'-. 
3.3'-, and 4,4'-diaminodiphenylmethane, and the like. 
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0144. In one preferred embodiment X is O. In this case m 
is preferably a number from 2 to 100, preferably 2 to 80, and 
more particularly 2 to 20, e.g., 2 to 10 or 2 to 6. 
0145 Examples of suitable amines in which the radical A 
has this definition are amine-terminated polyoxyalkylene 
polyols, examples being Jeffamines, such as 4,9-dioxadode 
cane-1,12-diamine and 4,7,10-trioxamidecane-1,13-di 
amine, or else more regular amine-terminated polyoxyalky 
lene polyols, such as amine-terminated polyethylene glycols, 
amine-terminated polypropylene glycols or amine-termi 
nated polybutylene glycols. The three last-mentioned amines 
(amine-terminated polyalkylene glycols) preferably have a 
molecular weight of 200 to 3000 g/mol. 
0146 In an alternatively preferred embodiment X is NR. 
R here is preferably H or C-C-alkyl, more preferably Hor 
methyl, and more particularly H. In this case B is more par 
ticularly C-C-alkylene, such as 1.2-ethylene, 1,2-propy 
lene, and 1,3-propylene, and more particularly is 1.2-ethyl 
ene. In this case m is preferably a number from 1 to 10, more 
preferably from 1 to 6, and more particularly from 1 to 4. 
0147 Examples of suitable amines in which the radical A 
has this definition are diethylenetriamine, triethylenetetra 
mine, tetraethylenepentamine, pentaethylene-hexamine, 
hexaethyleneheptamine, heptaethyleneoctamine, octaethyl 
enenonamine, higher polyimines, bis(3-aminopropyl)amine, 
bis(3-aminopropyl)methylamine, and the like. 
10148 R and Rare independently of one another prefer 
ably H or C-C-alkyl, more preferably H. methyl or ethyl, 
and more particularly H. 
0149. Owing to the higher reactivity of primary amino 
functions —NH in condensation reactions, said at least one 
amine having at least two primary and/or secondary amino 
groups, of components (i-2), (ii-1), (iii-2), (iv-2), (V-2), and 
(vi-2), is preferably selected from amines having at least two 
primary amino groups. 
I0150. Accordingly R' and R' in compounds I are prefer 
ably both H. 
0151. In one specific embodiment at least one diamine 
having exactly two primary amino groups is used as amine 
having at least two primary and/or secondary amino groups, 
of components (i-2), (i-1), (iii-2), (iv-2), (V-2), and (vi-2). In 
other words, this amine, apart from the two primary amino 
functions, contains no further (primary, secondary and/or 
tertiary) amino groups. 
0152 Preferred diamines having two primary amino 
groups are those of the formula 

in which A is a divalent aliphatic, alicyclic, aliphatic-alicy 
clic, aromatic or araliphatic radical, it also being possible for 
the aforementioned radicals to be interrupted by a carbonyl 
group or by a sulfone group and/or to be substituted by 1, 2, 3 
or 4 radicals selected from C-C-alkyl, the aforementioned 
radicals of course containing no amino groups; or is a divalent 
radical of the formula 

in which 

X is O: 

I0153 B is C-C-alkylene; and 
m is a number from 1 to 100, preferably 1 to 80, and more 
particularly 1 to 20. 
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0154 Reference is hereby made to the above observations 
concerning Suitable preferred aliphatic, alicyclic, aliphatic 
alicyclic, aromatic or araliphatic radicals A and concerning 
divalent radicals of the formula-B X B in which X 
is O, and also to the associated preferred and Suitable amines 
(all of the above-recited examples of amines in which A is a 
divalent aliphatic, alicyclic, aliphatic-alicyclic, aromatic or 
araliphatic radical or is a divalent radical of the formula 
-EB—X B- in which X is O are primary diamines). 
0155 Particularly preferred diamines having two primary 
amino groups are those of the formula NH-A-NH in which 
A is a divalent aliphatic radical and preferably is linear or 
branched C-Co-alkylene. With regard to suitable and pre 
ferred amines having these features, reference is made to the 
observations above (all of the above-recited examples of 
amines in which A is a divalent aliphatic radical and is pref 
erably linear or branched C-Co-alkylene are primary 
diamines). 
0156 Alternatively particularly preferred diamines hav 
ing two primary amino groups are those of the formula NH2 
A-NH in which A is an aliphatic-alicyclic radical. With 
regard to Suitable and preferred amines having these features, 
reference is made to the observations above (all of the above 
recited examples of amines in which A is a divalent aliphatic 
alicyclic radical are primary diamines). As primary diamine 
NH-A-NH in which A is an aliphatic-alicyclic radical, spe 
cific use is made ofisophoronediamine. 
0157 Said at least one amine having at least three primary 
and/or secondary amino groups, of components (i-2), (ii-1), 
(iii-2), (iv-2), and (V-2) is preferably selected from 

0158 amines of the formula I.a 
NHRal-Al-NHR (I.a) 

in which A' is a divalent radical of the formula 

-EB X', B 
0159 in which 
(0160 each X* independently is O or NR', with at least 
one X" in the compound Ila being NR", in which R is 
H. C-C-alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy, 
with at least one radical R' being H, and preferably 
being H. C-C-alkyl or C-C-alkoxy, with at least one 
radical R' being H: 

(0161 each B" independently is C-C-alkylene; and 
(0162 m' is a number from 1 to 20; and 

(0163 R'' and R' independently of one another are H, 
C-C-alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy, and 
preferably H, C-C-alkyl or C-C-alkoxy: 
0.164 amines of the formula II 

(II) 
E-NHR 

RHN-E 

E2 
V 
NHRé 

in which 
0.165 Y is CR, N, C-C-alkyl, C-C-cycloalkyl, phenyl 
or a 5- or 6-membered, saturated, partly unsaturated or 
aromatic heterocyclic ring having 1, 2 or 3 heteroatoms as 
ring members which are selected from N, O, and S; 
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0166 E, E, and E independently of one another are a 
single bond, C1-Co-alkylene. —NR'— C, -Co-alkylene 
or—O-C-Cio-alkylene, with the proviso that E, E, and 
Es are not a single bond and not - NR-C-Cio-alkylene 
if Y is N: 

(0167 R, R, and Rindependently of one another are H, 
C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy; and 

(0168 R3 and R' independently of one another are H, 
C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy and 
preferably are H. C-C-alkyl or C-C-alkoxy; 
0.169 amines of the formula 

(III) 
RHN NHR 

V A 
Ad Ab 
V M 
-A-Z 

A. \,. A A. 
M V 

RHN NHR 

in which 
A' has one of the definitions stated for A: 
A, A, A, and A independently of one another are C1-Co 
alkylene; 

Z is N or CR"; and 

(0170 R. R. R. R. and R" independently of one another 
are H. C-C-alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy 
and preferably are H. C-C-alkyl or C-C-alkoxy; and 
(0171 mixtures thereof. 

(0172. In compounds La, preferably all radicals X" are 
NRol. 
(0173 Subject to the above proviso, R is preferably Hor 
C-C-alkyl, more preferably H. methyl or ethyl, and more 
particularly H. 
(0174 B' is preferably C-C-alkylene, such as 1,2-ethyl 
ene, 1,2-propylene, and 1,3-propylene, and more particularly 
1.2-ethylene. Preferably m' is a number from 1 to 10, more 
preferably from 1 to 6, and more particularly from 1 to 4. 
0.175 Examples of suitable amines of the formula I.a are 
diethylenetriamine, triethylenetetramine, tetraethylenepen 
tamine, pentaethylenehexamine, hexaethyleneheptamine, 
heptaethyleneoctamine, octaethylenenonamine, higher poly 
imines, bis(3-aminopropyl)amine, bis(3-aminopropyl)me 
thylamine, and the like. 
(0176). In compounds II, where Y is N, E, E, and E are not 
a single bond and not NR" C-Cio-alkylene. Where Y is 
N. E. E. and E are preferably also not methylene (C- 
alkylene). Where Y is CRS, preferably at least two of the 
groups E, E, and E are not a single bond. 
(0177. Where Y is a 5- or 6-membered, saturated, partially 
unsaturated or aromatic heterocyclic ring, the three arms-E- 
NHR'. -E-NHR, and -E-NHR may be attached both to 
carbon ring atoms and to nitrogen ring atoms of the hetero 
cycleY. Where the arms-E-NHR'.-E.-NHRand-E-NHR'. 
are bonded to ring nitrogen atoms, E. E. and E are not a 
single bond and not - NR" Ca-Cio-alkylene. The arms are 
preferably attached to different ring atoms of the heterocycle 
Y. The heterocyclic ring Y is preferably selected from 5- or 
6-membered heteroaromatic rings having 1, 2 or 3 nitrogen 
atoms as ring members. Examples of Such hetaryl rings are 
pyrrolyl pyrazolyl, imidazolylyl pyridyl, pyrimidyl, pyrazi 



US 2011/0028.603 A1 

nyl, pyridazonyl, and triazinyl. More preferred among these 
are 6-membered hetaryl rings, such as pyridyl, pyrimidyl, 
pyrazinyl, pyridazinyl, and triazinyl, with triazinyl being par 
ticularly preferred. 
0.178 Where Y is a triazine ring, compound II is preferably 
melamine (Y-triazine-2,4,6-triyl; E, E, and E single 
bond; R. R. and R H) or is aminoalkyl-substituted 
melamine (Y=1,3,5-triazine-2,4,6-triyl; E, E, and 
ENRG-C-alkylene, preferably NR" C-C-alky 
lene, with R" preferably being H. R. R. R? preferably H), 
such as N,N',N'-tris(2-aminoethyl)melamine, N,N',N'-tris 
(3-aminopropyl)melamine, N.N.N',N'-tris(4-aminobutyl) 
melamine, N,N',N'-tris(5-aminopentyl)melamine, and N,N', 
N"-tris(6-aminohexyl)melamine. 
0179 The compounds III are amines having at least four 
primary and/or secondary amino functions. 
0180. In compounds III A preferably has one of the defi 
nitions stated as being preferred for A. More particularly A' is 
C-C-alkylene, more preferably linear C-C-alkylene. Such 
as 1.2-ethylene, 1,3-propylene, 1,4-butylene, pentamethyl 
ene, and hexamethylene. 
0181 Z is preferably N. 
0182 A, A, A, and A are preferably C-C-alkylene, 
more preferably linear C-C-alkylene, such as 1.2-ethylene, 
1,3-propylene, 1,4-butylene, pentamethylene, and hexameth 
ylene, and more particularly linear C-C-alkylene, such as 
1.2-ethylene 1,3-propylene, and 1,4-butylene. 
0183 R', R. R. R', and R" are preferably H. 
0184 Examples of amines having three primary and/or 
secondary amino groups, of the formulae I.a., II, and III, are 
diethyleneamine, triethylenetetramine, tetraethylene-pen 
tamine, pentaethylenehexamine, hexaethyleneheptamine, 
heptaethyleneoctamine, octaethylenenonamine, higher poly 
imines, e.g., polyethyleneimines and polypropyleneimines, 
bis(3-aminopropyl)amine, bis(4-aminobutyl)amine, bis(5- 
aminopentyl)amine, bis(6-aminohexyl)amine, 3-(2-aminoet 
hyl)aminopropylamine, N,N-bis(3-aminopropyl)ethylenedi 
amine, N',N'-bis(3-aminopropyl)ethylenediamine, N.N-bis 
(3-aminopropyl)propane-1,3-diamine, N,N-bis(3- 
aminopropyl)butane-1,4-diamine, N,N'-bis(3-aminopropyl) 
propane-1,3-diamine, N,N'-bis(3-aminopropyl)butane-1,4- 
diamine, N.N.N'N'-tetra(3-aminopropyl)ethylenediamine, 
N.N.N'N'-tetra(3-aminopropyl)-1,4-butylenediamine, tris(2- 
aminoethyl)amine, tris(2-aminopropyl)amine, tris(3-amino 
propyl)amine, tris(2-aminobutyl)amine, tris(3-aminobutyl) 
amine, tris(4-aminobutyl)amine, tris(5-aminopentyl)amine, 
tris(6-aminohexyl)amine, trisaminohexane, trisaminon 
onane, 4-aminomethyl-1,8-octamethylenediamine, trifunc 
tional or higher polyfunctional amine-terminated polyoxy 
alkylene polyols (e.g., Jeffamines, examples being 
polyetheramine T403 or polyetheramine T5000) having a 
molecular weight of preferably 300 to 10 000, melamine, 
aminoalkyl-substituted melamines, such as N,N',N'-tris(2- 
aminoethyl)melamine, N,N',N'-tris(3-aminopropyl) 
melamine, N,N',N'-tris(4-aminobutyl)melamine, N,N',N'- 
tris(5-aminopentyl)melamine, and N,N',N'-tris(6- 
aminohexyl)melamine, oligomeric 
diaminodiphenylmethanes (polymeric MDA). 
0185. Particularly preferred amines having at least three 
primary and/or secondary amino groups are selected from 
amines of the formula I.a and amines of the formula II. 
0186 Preferred amines of the formula I.a are diethylen 
etriamine, triethylenetetramine, tetraethylenepentamine, 
pentaethylenehexamine, hexaethyleneheptamine, heptaeth 
yleneoctamine, octaethylenenonamine, higher polyimines, 
e.g., polyethylene-imines and polypropyleneimines, bis(3- 
aminopropyl)amine, bis(4-aminobutyl)amine, bis(5-amino 
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pentyl)amine, bis(6-aminohexyl)amine, 3-(2-aminoethyl) 
aminopropylamine, N',N-bis(3-aminopropyl) 
ethylenediamine, N,N'-bis(3-aminopropyl)propane-1,3- 
diamine, and N,N'-bis(3-aminopropyl)butane-1,4-diamine. 
0187 Preferred amines of the formula II are those in 
which Y is N or is a 1,3,5-triazine-2,4,6-triyl ring. 
0188 Preferred amines II in which Y is N are selected 
from N.N-bis(3-aminopropyl)-ethylenediamine, N,N-bis(3- 
aminopropyl)propane-1,3-diamine, N.N-bis(3-aminopro 
pyl)-butane-1,4-diamine, tris(2-aminoethyl)amine, tris(2- 
aminopropyl)amine, tris(3-aminopropyl)amine, tris(2- 
aminobutyl)amine, tris(3-aminobutyl)amine, tris(4- 
aminobutyl)amine, tris(5-aminopentyl)amine, tris(6- 
aminohexyl)amine. 
(0189 Preferred amines II in which Y is a 1,3,5-triazine-2, 
4,6-triyl ring are melamine and aminoalkyl-substituted 
melamines, such as N,N',N'-tris(2-aminoethyl)melamine, 
N,N',N'-tris(3-aminopropyl)melamine, N,N',N'-tris(4-ami 
nobutyl)melamine, N,N',N'-tris(5-aminopentyl)melamine, 
and N,N',N'-tris(6-aminohexyl)melamine. 
0190. Owing to the higher reactivity of primary amino 
functions —NH in condensation reactions, said at least one 
amine having at least three primary and/or secondary amino 
groups, of components (i-2), (ii-1), (iii-2), (iv-2), and (V-2), is 
preferably selected from amines having at least three primary 
amino groups. Accordingly, in compounds I.a, the radicals 
R", R', and R are preferably H, and likewise, in com 
pounds II, the radicals R', R, and Rare preferably H. Analo 
gously, in compounds III, the radicals R. R. R', and R', are 
preferably H. With regard to suitable and preferred amines 
having at least three primary amino groups, reference is made 
to the observations above (all of the aforementioned 
examples are amines having at least three primary amino 
groups). 

(i) Highly Branched Polymer (i) 
0191 The highly branched polymers (i) are prepared 
using components (i-1) and (1-2) in a molar ratio of preferably 
50:1 to 1:50, more preferably 20:1 to 1:20, more preferably 
still 10:1 to 1:10, even more preferably 5:1 to 1:15, more 
particularly 2:1 to 1:15, and especially 1.5:1 to 1:10. 
0.192 Where component (i-2) comprises amines having 
two primary and/or secondary amino groups, the molar ratio 
of said at least one amine having at least three primary and/or 
secondary amino groups to the amine(s) having two primary 
and/or secondary amino groups is preferably 100:1 to 1:20, 
more preferably 50:1 to 1:10, and more particularly 25:1 to 
1:10. 
0193 In component (i-2), in one preferred embodiment of 
the invention, said at least one amine having at least three 
primary and/or secondary amino groups comprises 
melamine. Besides melamine, however, component (i-2) may 
also comprise further, non-melamine amines having at least 
three primary and/or secondary amino groups. 
0194 In one particularly preferred embodiment (embodi 
ment i-A) of the invention the highly branched polymers (i) 
are obtainable by condensation of 
(i-1) urea or at least one urea derivative; 
(0195 (i-2a) melamine; 
0.196 (i-2b) at least one amine having at least two primary 
and/or secondary amino groups which is different than 
melamine, preferably having at least two primary amino 
groups, more preferably having two primary amino 
groups; and 

0.197 (i-2c) optionally at least one melamine derivative 
selected from benzoguanamine, Substituted melamines, 
and melamine condensates. 
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0198 In a more strongly preferred embodiment (embodi 
menti-Aa) of the invention the highly branched polymers (i) 
are obtainable by condensation of 
(i-1) urea or at least one urea derivative; 
(0199 (i-2a) melamine; 
0200 (i-2b) at least one amine, with the at least one amine 
comprising 
0201 (i-2ba) 20 to 100 mol %, based on the total 
amount of components (i-2ba), (i-2bb), and (i-2bc), of at 
least one diamine or polyamine having two primary 
amino groups, 

0202 (i-2bb) 0 to 50 mol %, based on the total amount 
of components (i-2ba), (i-2bb), and (i-2bc), of at least 
one polyamine having at least three primary amino 
groups and being different than melamine; and 

0203 (i-2bc) 0 to 80 mol %, based on the total amount 
of components (i-2ba), (i-2bb), and (i-2bc), of at least 
one amine having one primary amino group; and 

0204 (i-2c) optionally at least one melamine derivative 
Selected from benzoguanamine, Substituted melamines, 
and melamine condensates. 

0205 With regard to suitable and preferred urea deriva 
tives, reference is made to the observations above. It is pre 
ferred as component (i-1) to use urea or a Substituted urea of 
the formula R'RN C(=O) NR'R' in which R', R. R. 
and R' independently of one another are as defined above. 
Preferably R' and R are H or C-C-alkyl, particularly 
methyl or ethyl, and R and R are C-C-alkyl, especially 
methyl or ethyl. Particular preference is given to using as 
component (i-1), however, urea itself, optionally in combina 
tion with one of the aforementioned urea derivatives, and 
more particularly just urea. 
0206. The molar ratio of component (i-1) to component 
(i-2a) is preferably 50:1 to 1:50, more preferably 10:1 to 1:10, 
even more preferably 8:1 to 1:8, more preferably still 4:1 to 
1:8, more particularly 2:1 to 1:5, and especially 1:1 to 1:5. 
0207. The molar ratio of component (i-1) to component 
(i-2b) is preferably 10:1 to 1:50, more preferably 2:1 to 1:50, 
even more preferably 2:1 to 1:25, more preferably still 1:1 to 
1:20, more particularly 1:2.5 to 1:15, and especially 1:5 to 
1:15. 
0208. With particular preference components (i-1), (i-2a), 
and (i-2b) are used in molar proportions such that the follow 
ing is true: The ratio of 

amount of component amount of component 
(i - 1)mol -- (i-2a)mol 

2 3 

amount of component (i-2b) mol 

is preferably in the range from 0.05:1 to 0.75:1, more prefer 
ably from 0.075:1 to 0.5:1, and more particularly from 0.1:1 
to 0.4:1. 

0209. The molar ratio of components (i-1) and (i-2a) is 
preferably within the ranges indicated above. 
0210. If component (i-2c) is inserted into the process of 
the invention, it preferably replaces a portion of component 
(i-1). It is preferably used in amounts such that it replaces 1 to 
75 mol %, more preferably 1 to 50 mol %, and more particu 
larly 1 to 25 mol % of component (i-1). 
0211. In embodiment (1-Aa) said at least one amine (i-2b) 

is preferably composed exclusively of components (i-2ba), 
(i-2bb), and (i-2bc); in other words, the fractions of these 
three components add up to 100 mol% of component (i-2b). 
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0212 Component (i-2ba) is used preferably in an amount 
of 30 to 100 mol%, more preferably from 50 to 100 mol%. 
and more particularly from 75 to 100 mol %, based on the 
total amount of components (i-2ba), (i-2bb), and (i-2bc). 
0213 Component (i-2bb) is used in an amount of prefer 
ably 0 to 40 mol %, more preferably 0 to 30 mol%, and more 
particularly from 0 to 15 mol%, based on the total amount of 
components (i-2ba), (i-2bb), and (i-2bc). 
0214 Component (i-2bc) is used in an amount of prefer 
ably 0 to 70 mol %, more preferably 0 to 50 mol%, and more 
particularly from 0 to 25 mol%, based on the total amount of 
components (i-2ba), (i-2bb), and (i-2bc). 
0215. If component (i-2bb) is used, the amount in which it 

is used is preferably 1 to 50 mol %, e.g., 5 to 50 mol% or 10 
to 50 mol %, more preferably 1 to 40 mol%, e.g., 5 to 40 mol 
% or 10 to 40 mol%, more preferably still 1 to 30 mol%, e.g., 
5 to 30 mol % or 10 to 30 mol %, and more particularly 1 to 
15 mol %, e.g., 2 to 15 mol % or 5 to 15 mol %, based on the 
total amount of components (i-2ba), (i-2bb), and (i-2bc). 
0216. If component (i-2bc) is used, the amount in which it 

is used is preferably 1 to 80 mol %, e.g., 5 to 80 mol% or 10 
to 80 mol %, more preferably 1 to 70 mol%, e.g., 5 to 70 mol 
% or 10 to 70 mol%, more preferably still 1 to 50 mol%, e.g., 
5 to 50 mol % or 10 to 50 mol %, and more particularly 1 to 
25 mol%, e.g., 5 to 25 mol% or 10 to 25 mol %, based on the 
total amount of components (i-2ba), (i-2bb), and (i-2bc). 
0217 Component (i-2ba) comprises exactly two primary 
amino groups (-NH2). 
0218 If component (1-2ba) comprises a polyamine, said 
polyamine comprises two primary amino groups (-NH) 
and additionally one or more secondary ( NHR; R not H) 
and/or tertiary ( NRR'; R and R'not H) amino groups, e.g., 
1 to 20 or 1 to 10 or 1 to 4 secondary and/or tertiary amino 
groups. 

0219. Where component (i-2ba) is a diamine, it comprises, 
apart from the two primary amino groups, no further amino 
functions. 

0220. The diamine or polyamine of component (i-2ba) in 
embodiment (1-Aa), and component (i-2b) in embodiment 
(i-A), is preferably selected from amines of the formula 

in which A is as defined above. 

0221) 
0222. As component (i-2ba) in embodiment (i-Aa) and as 
component (i-2b) in embodiment (i-A) it is preferred to use at 
least one diamine having two primary amino groups. Corre 
spondingly said at least one amine (i-2ba) or (i-2b) contains, 
apart from the two primary amino functions, no further (pri 
mary, secondary and/or tertiary) amino groups. 
0223 Preferred diamines having two primary amino 
groups are those of the formula NH-A-NH in which A is a 
divalent aliphatic, alicyclic, aliphatic-alicyclic, aromatic or 
araliphatic radical, it also being possible for the aforemen 
tioned radicals to be interrupted by a carbonyl group or by a 
sulfone group and/or to be substituted by 1, 2, 3 or 4 radicals 
selected from C-C-alkyl, the aforementioned radicals of 
course containing no amino groups; or is a divalent radical of 
the formula 

Also suitable are mixtures of these amines. 
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in which 

X is O: 

0224 B is C-C-alkylene; and 
m is a number from 1 to 100, preferably 1 to 80, and more 
preferably 1 to 20. 
0225 Reference is hereby made to the previous observa 
tions concerning suitable and preferred aliphatic, alicyclic, 
aliphatic-alicyclic, aromatic or araliphatic radicals and con 
cerning divalent radicals of the formula-EB—X B- in 
which X is O, and also to the associated preferred and suitable 
amines. 
0226 Particularly preferred diamines having two primary 
amino groups are those of the formula NH-A-NH in which 
A is a divalent aliphatic radical and preferably is linear or 
branched C-Co-alkylene. Examples of Suitable amines in 
which the radical A has this definition (C-Co-alkylene) are 
1.2-ethylenediamine, 1.2- and 1,3-propylenediamine, 2.2- 
dimethyl-1,3-propanediamine, 1,4-butylenediamine, 1.5- 
pentylenediamine, hexamethylenediamine, heptamethylene 
diamine, octamethylenediamine, nonamethylenediamine, 
decamethylenediamine, undecamethylenediamine, dodeca 
methylenediamine, tridecamethylenediamine, tetradecam 
ethylenediamine, pentadecamethylenediamine, hexadecam 
ethylenediamine, heptadecamethylene-diamine, 
octadecamethylenediamine, nonadecamethylenediamine, 
eicosamethylene-diamine, 2-butyl-2-ethyl-1,5-pentamethyl 
enediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylenedi 
amine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-meth 
ylpentane, and the like. 
0227. With particular preference A in the diamines having 
two primary amino groups is linear or branched C-Co 
alkylene. Examples of suitable amines in which the radical A 
has this definition (C-Co-alkylene) are 1.2-ethylenedi 
amine, 1.2- and 1,3-propylenediamine, 2,2-dimethyl-1,3- 
propanediamine, 1,4-butylenediamine, 1,5-pentylene-di 
amine, hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, nonamethylenediamine, decameth 
ylenediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylene 
diamine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-me 
thylpentane, and the like. 
0228. More particularly A in the diamines having two 
primary amino groups is linear or branched C-C-alkylene. 
Examples of suitable amines in which the radical A has this 
definition (C-C-alkylene) are 2,2-dimethyl-1,3-propanedi 
amine, 1,4-butylenediamine, 1,5-pentylenediamine, hexam 
ethylenediamine, heptamethylenediamine, octa-methylene 
diamine, 1.5-diamino-2-methylpentane, 1,4-diamino-4- 
methylpentane, and the like. In one specific embodiment 
amines are used in which A is linear or branched C-C- 
alkylene, not more than one branch extending from one car 
bonatom in the branched alkylene. Examples of such amines 
are 1,4-butylenediamine, 1,5-pentylene-diamine, hexameth 
ylenediamine, heptamethylenediamine, octamethylenedi 
amine, and 1,5-diamino-2-methylpentane, i.e., the amines 
recited above as being of particular preference, except for 
2,2-dimethyl-1,3-propanediamine and 1,4-diamino-4-me 
thyl-pentane. More strongly preferred among these are 
amines in which A is linear C-C-alkylene, such as in 1,4- 
butylenediamine, 1.5-pentylenediamine, hexamethylene-di 
amine, heptamethylenediamine and octamethylenediamine. 
The diamine having two primary amino groups is especially 
hexamethylenediamine. 
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0229. In the embodiments (i-A) and (i-Aa) it is possible 
optionally to insert a polyamine having at least three primary 
amino groups which is not melamine (component i-2bb in 
embodiment (i-Aa) or Subcomponent (i-2b) in embodiment 
(i-A)). 
0230. This component (i-2bb) or subcomponent (i-2b) 
comprises three or more primary amino groups and may 
further comprise one or more secondary and/or tertiary amino 
groups. 
0231. Using this polyamine component (i-2bb) or sub 
component (i-2b) makes sense in particular when a higher 
degree of branching of polymers is to be set than is possible 
solely with the diamine or polyamine (i-2ba) or (i-2b) in 
combination with melamine, since polyamines having at least 
three primary amino groups open up further branching oppor 
tunities in addition to the melamine (i-2a) used mandatorily in 
embodimenti-A ori-Aa. The secondary and/or tertiary amino 
groups present in the polyamine (i-2ba) are less reactive than 
the primary amino groups, and, under the typical condensa 
tion conditions, are capable usually to a low extent, if at all, of 
undergoing condensation and hence forming a branching site. 
At any rate they are substantially less capable than component 
(i-2bb) of forming branching sites. 
0232. With regard to suitable polyamines having at least 
three primary amino groups, reference is made to the obser 
vations above, albeit with the proviso that the compound in 
question is not melamine, since melamine indeed forms the 
mandatory component (i-2a). 
0233. If conversely, the degree of branching is to be lower, 

it is appropriate to use at least one amine having one primary 
amino group (components i-2bc in embodiment i-Aa). 
0234. This component is an amine having a single primary 
amino function and optionally one or more secondary and/or 
tertiary amino groups. 
0235 Examples of primary amines without further sec 
ondary/tertiary amino functions (primary monoamines) are 
compounds of the formula R NH in which Risanaliphatic, 
alicyclic, aliphatic-alicyclic, aromatic or araliphatic radical 
which of course contains no amino groups. 
0236 Examples thereof are methylamine, ethylamine, 
propylamine, isopropylamine, n-butyl-amine, sec-buty 
lamine, isobutylamine, tert-butylamine, pentylamine, hexy 
lamine, ethanolamine, propanolamine, isopropanolamine, 
pentanolamine, (2-methoxyethyl)-amine, (2-ethoxyethyl) 
amine, (3-methoxypropyl)amine, (3-ethoxypropyl)amine, 
3-(2-ethylhexyl)propylamine, 2-(2-aminoethoxy)ethanol, 
cyclohexylamine, aminomethylcyclohexane, aniline, benzy 
lamine, and the like. 
0237 Examples of primary amines having one or more 
secondary and/or tertiary amino functions (polyamines hav 
ing a (single) primary amino group) are N-methylethylene 
1,2-diamine, N,N-dimethylethylene-1,2-diamine, N-ethyl 
ethylene-1,2-diamine, N,N-diethylethylene-1,2-diamine, 
N-methylpropylene-1,3-diamine, N,N-dimethylpropylene-1, 
3-diamine, N-ethylpropylene-1,3-diamine, N,N-diethylpro 
pylene-1,3-diamine, N-methylbutylene-1,4-diamine, N.N- 
dimethylbutylene-1,4-diamine, N-methylpentylene-1,5- 
diamine, N,N-dimethylpentylene-1,5-diamine, 
N-methylhexylene-1,6-diamine, N,N-dimethylhexylene-1, 
6-diamine, N-methyldiethylenetriamine, N,N-dimethyl-di 
ethylenetriamine, N-methyltriethylenetetramine, N,N-dim 
ethyltriethylenetetramine, N-methyltetraethylenepentamine, 
N,N-dimethyltetraethylenepentamine, (3-(methylamino)- 
propyl)-(3-aminopropyl)amine, (3-(dimethylamino)propyl)- 
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(3-aminopropyl)amine, (2-aminoethyl)ethanolamine, N-(2- 
hydroxyethyl)-1,3-propanediamine, N-methyl 
diaminocyclohexane, N,N-dimethyldiaminocyclohexane, 
N-methylphenylenediamine, and the like. 
0238. As component (i-2bc) it is preferred to use primary 
monoamines, i.e., amines having a single primary amino 
group and without further secondary or tertiary amino func 
tions. 

0239. In one particular version of embodiments i-A and 
i-Aa at least one melamine derivative is used as a further 
reactant (component i-2c). 
0240. The melamine derivative is preferably selected from 
benzoguanamine, Substituted melamines, and melamine con 
densates. 

0241 The melamine condensates are preferably selected 
from melam, melem, melon, and higher condensates. Melam 
(empirical formula C, HN) is a dimeric condensation 
product of 2,4-diamino-6-chloro-s-triazine with melamine. 
Melem (empirical formula CHN) is the tri-amino-Substi 
tuted tri-s-triazine (1,3,4,6,7,9.9b-heptaazaphenalene). 
Melon (empirical formula CHN) is likewise a heptazine. 
In an alternatively particularly preferred embodiment (em 
bodiment i-B) the highly branched polymer (i) is obtainable 
by condensation of 
(i-1) urea or at least one urea derivative; 
0242 (i-2d) at least one amine having at least three pri 
mary and/or secondary amino groups which is different 
than melamine; and 

0243 (i-2e) optionally at least one amine having two pri 
mary and/or secondary amino groups. 

0244 As component (i-1) it is preferred to use urea or a 
substituted urea of the formula R'R''N C(=O) NR'R' in 
which R', R. R., and Rindependently of one another are as 
defined above, with preferably R' and R being H or C-C- 
alkyl, especially methyl or ethyl, and R and Ribeing C-C- 
alkyl, especially methyl or ethyl. As component (i-1) it is 
particularly preferred to use urea itself, optionally in combi 
nation with one of the aforementioned urea derivatives, and 
more particularly just urea. 
0245 Alternative preference is given to using as compo 
nent (i-1) a carbonic ester of the formula R O CO-O- 
R' in which R'' and R' independently areas defined above. 
Preferably R'' and R' are C-C-alkyl, especially methyl or 
ethyl. 
0246 Alternatively preference is given to using as com 
ponent (i-1)guanidine or a substituted guanidine of the for 
mula R'R''N C(-NR'') NR'R' in which R, R 9, 
R'', R', and R' independently are as defined above. Pref. 
erably at least one of the radicals R. R', R', R', and R' is 
not H but is instead C-C-alkyl, especially methyl or ethyl, 
and the other radicals are H or are C-C-alkyl, especially 
methyl or ethyl. 
0247. With regard to the at least one amine (i-2d) having at 
least three primary and/or secondary amino groups which is 
different than melamine, reference is made to the observa 
tions above, albeit with the proviso that the amine is not 
melamine. 

0248 Preference is given to amines of the formula I.a and 
amines of the formula II in which Y is N. In amines of the 
formula I.a A' is preferably a radical -B". X" - in 
which X* is NRandR is H. With particular preference R' 
and R'' as well are H. 
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0249. The amine (i-2e) having two primary and/or second 
ary amino groups is preferably selected from amines of the 
formula I.b 

NHR-A2-NHR2 (I.b) 

in which 
(0250) A is a divalent aliphatic, alicyclic, aliphatic-alicy 

clic, aromatic or araliphatic radical as defined above, it also 
being possible for the aforementioned radicals to be inter 
rupted by a carbonyl group or by a Sulfone group and/or to 
be substituted by 1, 2, 3 or 4 radicals selected from C-C- 
alkyl; or is a divalent radical of the formula 

-EB' XI. B’— 
0251 in which 
0252 each X* independently is O or NR, in which R 

is C-C-alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy; 
(0253) each Bindependently is C-C-alkylene; and 
0254 m is a number from 1 to 100, preferably 1 to 80, 
and more particularly 1 to 20; and 

0255) R' and R’ independently of one another are H, 
C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy. 

0256 Examples of such amines I.b having two primary 
and/or secondary amino groups are 1.2-ethylenediamine, 1.2- 
and 1,3-propylenediamine, 2.2-dimethyl-1,3-propanedi 
amine, 1,4-butylenediamine, 1,5-pentylenediamine, hexam 
ethylenediamine, heptamethylenediamine, octamethylenedi 
amine, nonamethylenediamine, decamethylenediamine, 
undecamethylenediamine, dodecamethylenediamine, 
tridecamethylenediamine, tetradecamethylenediamine, pen 
tadecamethylenediamine, hexadecamethylenediamine, hep 
tadecamethylenediamine, octadecamethylenediamine, nona 
decamethylenediamine, eicosamethylenediamine, 2-butyl-2- 
ethyl-1,5-pentamethylenediamine, 2,2,4- or 2,4,4-trimethyl 
1.6-hexamethylenediamine, 1,5-diamino-2-methylpentane, 
1,4-diamino-4-methylpentane, and the like, N-methylethyl 
enediamine, N,N'-dimethylethylenediamine, N-ethylethyl 
enediamine, N,N'-diethylethylenediamine, N-propylethyl 
enediamine, N,N'-dipropylethylenediamine, 
N-methylpropylenediamine, N,N'-dimethylpropylenedi 
amine, N-ethylpropylenediamine, N,N'-diethylpropylenedi 
amine, N-propylpropylenediamine, N,N'-dipropylpropy 
lenediamine, N-methylbutylenediamine, N,N'- 
dimethylbutylenediamine, N-ethylbutylenediamine, N,N'- 
diethylbutylenediamine, bis(2-aminoethyl)methylamine, bis 
(2-aminoethyl)ethylamine, bis(2-aminoethyl)propylamine, 
bis(3-aminopropyl)methylamine, bis(3-aminopropyl)ethy 
lamine, bis(3-aminopropyl)propylamine, and the like, addi 
tionally cyclopentylenediamine. Such as 1,2-diaminocyclo 
pentane or 1,3-diaminocyclopentane, cyclohexylenediamine, 
Such as 1,2-diaminocyclohexane, 1,3-diaminocyclohexane 
or 1,4-diaminocyclohexane, 1-methyl-2,4-diaminocyclohex 
ane, 1-methyl-2,6-diaminocyclohexane, cycloheptylenedi 
amine, such as 1,2-diaminocycloheptane, 1,3-diaminocyclo 
heptane O 1,4-diaminocycloheptane, and 
cyclooctylenediamine. Such as 1,2-diaminocyclooctane, 1.3- 
diaminocyclooctane, 1,4-diaminocyclooctane or 1.5-diami 
nocyclooctane, additionally diaminodicyclohexylmethane, 
isophoronediamine, bis(aminomethyl)-cyclohexane. Such as 
1,1-bis(aminomethyl)cyclohexane, 1.2-bis(aminomethyl)- 
cyclohexane, 1,3-bis(aminomethyl)cyclohexane or 1,4-bis 
(aminomethyl)cyclohexane, 2-aminopropylcyclohexy 
lamine, 3(4)-aminomethyl-1-methylcyclohexylamine, and 
the like, additionally phenylenediamine. Such as o-, m-, and 
p-phenylenediamine, tolylenediamine, such as o-, m-, and 
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p-tolylenediamine, Xylylenediamine, naphthylenediamine, 
Such as 1.2-, 1.3-, 1.4-, 1.5-, 1.8-, 2.3-, 2.6- and 2.7-naphth 
ylene, diaminodiphenyl Sulfone, such as 2.2-, 3.3-, and 4,4'- 
diaminodiphenyl Sulfone, and diaminobenzophenone. Such 
as 2.2-, 3,3'-, and 4,4'-diaminobenzophenone, and addition 
ally diaminodiphenylmethane. Such as 2.2-, 3,3'-, and 4,4'- 
diaminodiphenyl, amine-terminated polyoxyalkylene poly 
ols, examples being Jeff-amines, such as 4.9-dioxadodecane 
1,12-diamine and 4,7,10-trioxamidecane-1,13-diamine, or 
else more regular amine-terminated polyoxyalkylene poly 
ols, such as amine-terminated polyethylene glycols, amine 
terminated polypropylene glycols oramine-terminated poly 
butylene glycols. The three last-mentioned amines (amine 
terminated polyalkylene glycols) preferably have a molecular 
weight of 200 to 3000 g/mol. 
0257 Preference among these is given to amines having 
two primary amino groups, such as 1.2-ethylenediamine, 1.2- 
and 1,3-propylenediamine, 2.2-dimethyl-1,3-propanedi 
amine, 1,4-butylenediamine, 1,5-pentylenediamine, hexam 
ethylenediamine, heptamethylenediamine, octamethylenedi 
amine, nonamethylenediamine, decamethylenediamine, 
undecamethylenediamine, dodecamethylenediamine, 
tridecamethylenediamine, tetradecamethylenediamine, pen 
tadecamethylenediamine, hexadecamethylenediamine, hep 
tadecamethylenediamine, octadecamethylenediamine, nona 
decamethylenediamine, eicosamethylenediamine, 2-butyl-2- 
ethyl-1,5-pentamethylenediamine, 2,2,4- or 2,4,4-trimethyl 
1.6-hexamethylenediamine, 1,5-diamino-2-methylpentane, 
1,4-diamino-4-methylpentane, and the like, additionally 
cyclopentylenediamine, such as 1,2-diaminocyclopentane or 
1,3-diaminocyclopentane, cyclohexylenediamine. Such as 
1.2-diaminocyclohexane, 1,3-diaminocyclohexane or 1,4-di 
aminocyclohexane, 1-methyl-2,4-diaminocyclohexane, 
1-methyl-2,6-diaminocyclohexane, cycloheptylenediamine, 
Such as 1,2-diaminocycloheptane, 1,3-diaminocycloheptane 
or 1,4-diaminocycloheptane, and cyclooctylenediamine, 
Such as 1,2-diaminocyclooctane, 1,3-diaminocyclooctane, 
1,4-diaminocyclooctane or 1.5-diaminocyclooctane, and also 
diaminodicyclohexylmethane, isophoronediamine, bis(ami 
nomethyl)cyclohexane Such as 1,1-bis(aminomethyl)cyclo 
hexane, 1.2-bis(aminomethyl)cyclohexane, 1,3-bis(aminom 
ethyl)cyclohexane or 1,4-bis(aminomethyl)cyclohexane, 
2-aminopropylcyclohexylamine, 3(4)-aminomethyl-1-meth 
ylcyclohexylamine, and the like, and also phenylenediamine, 
Such as o-, m- and p-phenylenediamine, tolylendiamine. Such 
as o-, m- and p-tolylenediamine, Xylylenediamine, naphthyl 
enediamine, such as 1.2-, 1.3-, 1.4-, 1.5-, 1.8-, 2.3-, 2,6-, and 
2.7-naphthylene, diaminodiphenyl Sulfone, such as 2.2-, 
3.3'-, and 4,4'-diaminodiphenyl Sulfone, and diaminoben 
Zophenone. Such as 2.2-, 3,3'-, and 4,4'-diaminobenzophe 
none, and also diaminodiphenylmethane, such as 2.2-, 3,3'-. 
and 4,4'-diaminodiphenyl, amine-terminated polyoxyalky 
lene polyols, for example Jeff-amines, such as 4,9-dioxa 
dodecane-1,12-diamine and 4,7,10-trioxamidecane-1,13-di 
amine, or else more regular amine-terminated 
polyoxyalkylene polyols, such as amine-terminated polyeth 
ylene glycols, amine-terminated polypropylene glycols or 
amine-terminated polybutylene glycols. The three last-men 
tioned amines (amine-terminated polyalkylene glycols) pref 
erably have a molecular weight of 200 to 3000 g/mol. 
(0258 Preferably A is a divalent aliphatic, alicyclic, ali 
phatic-alicyclic, aromatic or araliphatic radical as defined 
above, it also being possible for the aforementioned radicals 
to be interrupted by a carbonyl group or by a Sulfone group 

Feb. 3, 2011 

and/or to be substituted by 1, 2, 3 or 4 radicals selected from 
C-C-alkyl. Preference is given accordingly to diamines 
having two primary and/or secondary amino groups and with 
out further tertiary amino groups. Examples thereof are 1.2- 
ethylenediamine, 1.2- and 1,3-propylenediamine, 2,2-dim 
ethyl-1,3-propanediamine, 1,4-butylenediamine, 1,5- 
pentylenediamine, hexamethylenediamine, 
heptamethylenediamine, octamethylenediamine, nonameth 
ylenediamine, decamethylenediamine, undecamethylenedi 
amine, dodecamethylenediamine, tridecamethylenediamine, 
tetradecamethylenediamine, pentadecamethylenediamine, 
hexadecamethylenediamine, heptadecamethylenediamine, 
octadecamethylenediamine, nonadecamethylenediamine, 
eicosamethylenediamine, 2-butyl-2-ethyl-1,5-pentamethyl 
enediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylenedi 
amine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-meth 
ylpentane, and the like, N-methylethylenediamine, N,N'- 
dimethylethylenediamine, N-ethyl-ethylenediamine, N,N'- 
diethylethylenediamine, N-propylethylenediamine, N,N'- 
dipropylethylenediamine, N-methylpropylenediamine, 
N,N'-dimethylpropylenediamine, N-ethylpropylenediamine, 
N,N'-diethylpropylenediamine, N-propylpropylenediamine, 
N,N'-dipropylpropylenediamine, N-methylbutylenediamine, 
N,N'-dimethylbutylenediamine, N-ethylbutylenediamine, 
N,N'-diethylbutylenediamine, additionally cyclopentylene 
diamine. Such as 1,2-diaminocyclopentane or 1,3-diaminocy 
clopentane, cyclohexylenediamine. Such as 1,2-diaminocy 
clohexane, 1,3-diaminocyclohexane O 1,4- 
diaminocyclohexane, 1-methyl-2,4-diaminocyclohexane, 
1-methyl-2,6-diaminocyclohexane, cycloheptylenediamine, 
Such as 1,2-diaminocycloheptane, 1,3-diaminocycloheptane 
or 1,4-diaminocycloheptane, and cyclooctylenediamine, 
Such as 1,2-diaminocyclooctane, 1,3-diaminocyclooctane, 
1,4-diaminocyclooctane or 1.5-diaminocyclooctane, and also 
diaminodicyclohexylmethane, isophoronediamine, bis(ami 
nomethyl)cyclohexane Such as 1,1-bis(aminomethyl)cyclo 
hexane, 1.2-bis(aminomethyl)cyclohexane, 1,3-bis(aminom 
ethyl)cyclohexane or 1,4-bis(aminomethyl)cyclohexane, 
2-aminopropylcyclohexylamine, 3(4)-aminomethyl-1-meth 
ylcyclohexylamine, and the like, and also phenylenediamine, 
Such as o-, m- and p-phenylenediamine, tolylenediamine, 
Such as o-, m- and p-tolylendiamine, Xylylenediamine, naph 
thylenediamine. Such as 1.2-, 1.3-, 1.4-, 1.5-, 1.8-, 2.3-, 2,6-, 
and 2.7-naphthylene, diaminodiphenyl Sulfone. Such as 2.2-, 
3.3'-, and 4,4'-diaminodiphenyl Sulfone, and diaminoben 
Zophenone. Such as 2.2-, 3,3'-, and 4,4'-diaminobenzophe 
none, and also diaminodiphenylmethane, such as 2.2-, 3,3'-. 
and 4,4'-diaminodiphenyl, amine-terminated polyoxyalky 
lene polyols, for example Jeff-amines, such as 4.9-dioxa 
dodecane-1,12-diamine and 4,7,10-trioxamidecane-1,13-di 
amine, or else more regular amine-terminated 
polyoxyalkylene polyols, such as amine-terminated polyeth 
ylene glycols, amine-terminated polypropylene glycols or 
amine-terminated polybutylene glycols. The three last-men 
tioned amines (amine-terminated polyalkylene glycols) pref 
erably have a molecular weight of 200 to 3000 g/mol. 
0259 Particular preference is given to diamines having 
two primary amino groups and without further secondary/ 
tertiary amino groups. Examples thereof are 1.2-ethylenedi 
amine, 1.2- and 1,3-propylenediamine, 2.2-dimethyl-1,3- 
propanediamine, 1,4-butylenediamine, 1,5- 
pentylenediamine, hexamethylenediamine, 
heptamethylenediamine, octamethylenediamine, nonameth 
ylenediamine, decamethylenediamine, undecamethylenedi 
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amine, dodecamethylenediamine, tridecamethylenediamine, 
tetradecamethylenediamine, pentadecamethylenediamine, 
hexadecamethylenediamine, heptadecamethylenediamine, 
octadecamethylenediamine, nonadecamethylenediamine, 
eicosamethylenediamine, 2-butyl-2-ethyl-1,5-pentamethyl 
enediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylenedi 
amine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-meth 
ylpentane, and the like, and also cyclopentylenediamine, Such 
as 1,2-diaminocyclopentane or 1,3-diaminocyclopentane, 
cyclohexylenediamine, such as 1,2-diaminocyclohexane, 
1,3-diaminocyclohexane or 1,4-diaminocyclohexane, 1-me 
thyl-2,4-diaminocyclohexane, 1-methyl-2,6-diaminocyclo 
hexane, cycloheptylenediamine, such as 1,2-diaminocyclo 
heptane, 1,3-diaminocycloheptane O 1,4- 
diaminocycloheptane, and cyclooctylenediamine, such as 
1.2-diaminocyclooctane, 1,3-diaminocyclooctane, 1,4-di 
aminocyclooctane or 1.5-diaminocyclooctane, further diami 
nodicyclohexylmethane, isophoronediamine, bis(aminom 
ethyl)cyclohexane. Such as 1,1-bis(aminomethyl)- 
cyclohexane, 1.2-bis(aminomethyl)cyclohexane, 1,3-bis 
(aminomethyl)cyclohexane or 1,4-bis(aminomethyl) 
cyclohexane, 2-aminopropylcyclohexylamine, 3(4)- 
aminomethyl-1-methylcyclohexylamine and the like, and 
also phenylenediamine, such as o-, m- and p-phenylenedi 
amine, tolylenediamine, such as o-, m- and p-tolylenedi 
amine, Xylylenediamine, naphthylenediamine. Such as 1.2-, 
1.3-, 1.4-, 1.5-, 1.8-, 2.3-, 2,6-, and 2.7-naphthylene, diami 
nodiphenyl sulfone, such as 2.2-, 3,3'- and 4,4'-diamino 
diphenyl sulfone, and diaminobenzophenone, such as 2,2'- 
3.3'-and 4,4'-diaminobenzophenone, and also diaminodiphe 
nylmethane. Such as 2.2-, 3,3'- and 4,4'-diaminodiphenyl, 
amine-terminated polyoxyalkylene polyols, for example Jeff 
amines, such as 4.9-dioxadodecane-1,12-diamine and 4.7.10 
trioxamidecane-1,13-diamine, or else more regular amine 
terminated polyoxyalkylene polyols, such as amine 
terminated polyethylene glycols, amine-terminated 
polypropylene glycols or amine-terminated polybutylene 
glycols. The three last-mentioned amines (amine-terminated 
polyalkylene glycols) preferably have a molecular weight of 
200 to 3000 g/mol. 
0260 Morestrongly preferred are diamines I.bhaving two 
primary amino groups and without further secondary/tertiary 
amino groups, in which A is an aliphatic or aliphatic-alicy 
clic group. Examples of primary diamines I.b having ali 
phatic groups A are 1.2-ethylenediamine, 1.2- and 1,3-pro 
pylenediamine, 2,2-dimethyl-1,3-propanediamine, 1,4- 
butylenediamine, 1,5-pentylenediamine, 
hexamethylenediamine, heptamethylenediamine, octameth 
ylenediamine, nonamethylenediamine, decamethylenedi 
amine, undecamethylenediamine, dodecamethylenediamine, 
tridecamethylenediamine, tetradecamethylenediamine, pen 
tadecamethylenediamine, hexadecamethylenediamine, hep 
tadecamethylenediamine, octadecamethylenediamine, nona 
decamethylenediamine, eicosamethylenediamine, 2-butyl-2- 
ethyl-1,5-pentamethylenediamine, 2,2,4- or 2,4,4-trimethyl 
1.6-hexamethylenediamine, 1,5-diamino-2-methylpentane, 
1,4-diamino-4-methylpentane, and the like. Preference 
among these is given to linear aliphatic groups, such as 1.2- 
ethylenediamine, 1.2- and 1,3-propylenediamine, 1,4-buty 
lenediamine, 1.5-pentylenediamine, hexamethylenediamine, 
heptamethylenediamine, octamethylenediamine, nonameth 
ylenediamine, decamethylenediamine, undecamethylenedi 
amine, dodecamethylenediamine, tridecamethylenediamine, 
tetradecamethylenediamine, pentadecamethylenediamine, 
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hexadecamethylenediamine, heptadecamethylenediamine, 
octadecamethylenediamine, nonadecamethylenediamine 
and eicosamethylenediamine, with particular preference 
being given to linear C-C-alkylene groups as group A. Such 
as in 1.2-ethylenediamine, 1,3-propylenediamine, 1,4-buty 
lenediamine, 1,5-pentylenediamine and hexamethylenedi 
amine. Examples of primary diamines I.b with aliphatic 
alicyclic groups A are diaminodicyclohexylmethane, 
isophoronediamine, bis(aminomethyl)cyclohexane, Such as 
1,1-bis(aminomethyl)-cyclohexane, 1.2-bis(aminomethyl) 
cyclohexane, 1,3-bis(aminomethyl)cyclohexane or 1,4-bis 
(aminomethyl)cyclohexane, 2-aminopropylcyclohexy 
lamine, 3(4)-aminomethyl-1-methylcyclohexylamine, and 
the like. Particular preference among these is given to iso 
phoronediamine. 
0261 The molar ratio of the urea component (i-1) to the 
entirety of the amines (i-2d) and (i-2e) is preferably 20:1 to 
1:20, more preferably 10:1 to 1:10, more preferably still 5:1 to 
1:5, and more particularly 2:1 to 1:2. 
0262. If component (i-2e) is used in embodiment i-B, the 
molar ratio of component (i-2d) to (i-2e) is preferably 20:1 to 
1 to 1:20, more preferably 10:1 to 1:10, more preferably still 
5:1 to 1:5, and more particularly 2:1 to 1:2. 
0263 Highly branched polymers (i) and processes for pre 
paring them are known in principle and are described for 
example in WO 2005/044897 and WO 2005/075541, hereby 
incorporated in full by reference. 
0264. The preparation is accomplished in general by reac 
tion of components (i-1) and (i-2), and, optionally, further 
reactants, such as primary monoamines or melamine deriva 
tives, at elevated temperature. 
0265. The reaction temperature is preferably 40 to 300° 
C., more preferably 100 to 250°C., and more particularly 150 
to 230° C. 
0266 The reaction takes place frequently in the presence 
of a suitable catalyst. Suitable catalysts are bases, such as 
alkali metal and alkaline earth metal hydroxides, examples 
being Sodium hydroxide, potassium hydroxide, calcium 
hydroxide or magnesium hydroxide, alkali metal and alkaline 
earth metal hydrogen carbonates, examples being sodium 
hydrogen carbonate, potassium hydrogen carbonate, calcium 
hydrogen carbonate or magnesium hydrogen carbonate, 
alkali metal and alkaline earth metal carbonates, examples 
being sodium carbonate, potassium carbonate, calcium car 
bonate or magnesium carbonate, basic, normucleophilic 
amines, such as DBU (diazabicycloundecene), DBN (diaz 
abicyclononene), DABCO (diazabicyclooctane), nitrogen 
containing heterocycles, such as imidazole, 1- and 2-meth 
ylimidazole, 1,2-dimethylimidazole, pyridine, lutidine, and 
the like. Suitable catalysts are additionally organic alumi 
num, tin, Zinc, titanium, Zirconium, and bismuth compounds, 
such as titanium tetrabutoxide, dibutyltin oxide, dibutyltin 
dilaurate, tin dioctoate, Zirconium acetylacetonate, and mix 
tures thereof. 
0267 More particularly if the amine component (i-2) 
comprises melamine, however, it is preferred to use Brönsted 
acids or Lewis acids as catalysts. Suitable Brönsted acids are 
not only inorganic acids, such as, for example, mineral acids, 
examples being hydrofluoric acid, hydrochloric acid, hydro 
bromic acid, nitric acid, Sulfuric acid, phosphoric acid, or 
amidosulfonic acid, but also ammonium salts, such as ammo 
nium fluoride, ammonium chloride, ammonium bromide or 
ammonium Sulfate, and also organic acids, such as methane 
Sulfonic acid, acetic acid, trifluoroacetic acid, and p-toluene 
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sulfonic acid. Suitable Brönsted acids are also the ammonium 
salts of organic amines, such as ethylamine, diethylamine, 
propylamine, dipropylamine, butylamine, dibutylamine, 
aniline, benzylamine or melamine, and also the ammonium 
salts of urea. 

0268 Suitable Lewis acids are all metal or semimetal 
halides in which the metal or semimetal possesses an electron 
pair vacancy. Examples thereof are BF, BC1, BBr, AlF. 
AlCl, AlBr, ethylaluminum dichloride, diethylaluminum 
chloride, TiFi, TiCl, TiBr, VC1s, FeF. FeCls, FeBr, ZnF2, 
ZnCl, ZnBr, Cu(I)F, Cu(I)Cl. Cu(I)Br, Cu(II) F. Cu(II)Cl. 
Cu(II)Br, Sb(III)F Sb(V)Fs, Sb(III)C1, Sb(V)Cls, Nb(V) 
Cls, Sn(II)F Sn(II C1, Sn(II)Br, Sn(IV)F Sn(IV)C1, and 
Sn(IV).Br. 
0269 Preferably, however, Brönsted acids are used. Pre 
ferred among these are the inorganic acids and more particu 
larly the ammonium salts. Such as ammonium chloride or 
ammonium bromide. Ammonium chloride is used especially. 
0270. The reaction can be carried out either at atmospheric 
pressure or at a Superatmospheric pressure, Such as, for 
example, at a pressure of 1 to 20 bar or 1 to 15 bar or 10 to 15 
bar. In this case the pressure is frequently built up solely by 
the ammonia that is released in the course of the reaction, 
during the condensation of the components (i-1) and (i-2) (in 
the case of urea, thiourea, guanidine and/orbiuret as compo 
nent (i-1)); that is, the pressure increases as the reaction 
progresses, and can then be adjusted to the desired level. If the 
reaction is to be carried out at a Superatmospheric pressure, 
however, the pressure can also be built up by way of an inert 
gas, such as by introduction of nitrogen, argon or carbon 
dioxide, preferably nitrogen, for example. This is appropriate 
more particularly when the reaction is to be carried out under 
a Superatmospheric pressure right from the beginning, in 
other words before any notable pressure can be produced at 
all by the ammonia that is formed. The reaction pressure is 
determined more particularly by the nature of the amines used 
(component i-2). Hence the reaction can be carried out at 
atmospheric pressure if the at least one amine used has a 
boiling point which is above the reaction temperature. If, on 
the other hand, the boiling point is below the reaction tem 
perature, then it is of course advantageous to carry out the 
reaction at Superatmospheric pressure. However, even in the 
case of amines having a boiling point above the reaction 
temperature, it may under certain circumstances be advanta 
geous to carry out the reaction under Superatmospheric pres 
Sure, in order for example to achieve a greater reaction rate. 
0271 The reaction can be carried out if desired in a suit 
able solvent. Suitable solvents are inert: that is, under the 
prevailing reaction conditions, they do not react with the 
reactants, intermediates or products, and are not themselves 
degraded, by thermal decomposition, for example, under the 
prevailing reaction conditions either. Examples of Suitable 
Solvents are chlorinated aliphatic or aromatic hydrocarbons, 
such as methylene chloride, chloroform, dichloroethane, 
trichloroethane, chlorobenzene, chlorotoluene, and o-dichlo 
robenzene, open-chain and cyclic ethers, such as diethyl 
ether, dipropyl ether, tert-butyl methyl ether, tert-butyl ethyl 
ether, tetrahydrofuran, and 1,4-dioxane, polar aprotic Sol 
vents, such as N,N-dimethylformamide, N,N-dimethylaceta 
mide, dimethyl Sulfoxide, and acetonitrile, and polar protic 
Solvents, examples being polyols, including polyether poly 
ols. Such as ethylene glycol, propylene glycol, diethylene 
glycol, triethylene glycol or polyethylene glycol. Preferred 
Solvents are the abovementioned polyols, including polyether 
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polyols. Preferably, though, the reaction is carried out in bulk, 
in other words without additional solvent. In this case fre 
quently an amine (component i-2) serves as solvent, more 
particularly when it is liquid and is used in excess. 
0272. The reaction can be carried out by mixing all of the 
components and bringing the mixture to reaction by heating it 
to the desired reaction temperature. Alternatively it is pos 
sible for part of the components to be added first and the 
remaining constituents to be Supplied gradually, the sequence 
of the addition being of minor importance. However, it has 
proven appropriate not to include less soluble components in 
the initial charge, such as melamine or urea, but instead to 
Supply them gradually, continuously or in portions. The addi 
tion of the individual reactants advantageously takes place in 
Such a way as to ensure their complete dissolution, so that 
their conversion in the condensation reaction is as complete 
as possible. 
0273. The reaction is generally carried out in reaction 
vessels that are typical for Such condensation reactions, as for 
example in heatable stirred reactors, stirred pressure vessels 
or stirred autoclaves. 
0274 The reaction mixture is generally left to react until a 
desired maximum viscosity has been reached. The Viscosity 
can be determined by sampling and determination by means 
of typical methods. Such as with a viscometer, for example; in 
many cases, however, a sharp increase in Viscosity is already 
evident visually in the course of the reaction, through the 
foaming of the reaction mixture, for example. 
0275. The reaction is preferably discontinued when the 
reaction mixture has a viscosity of not more than 100 000 
mPas, e.g., from 250 to 100 000mPas or from 500 to 100 000 
mPas or from preferably 750 to 100 000 mPas (at 100° C.), 
more preferably of not more than 50 000 mPas, e.g., from 250 
to 50 000mPas or from 500 to 50000mPas or from preferably 
750 to 50 000 mPas (at 100° C.), and more particularly of not 
more than 10000mPas, e.g., from 250 to 10000mPas or from 
500 to 10000mPas or from preferably 750 to 10000mPas (at 
100° C.). 
0276. If the viscosity of the reaction mixture is not to rise 
further, the reaction is discontinued. The reaction is prefer 
ably discontinued by lowering the temperature, preferably by 
lowering the temperature to <100°, e.g., 20 to <100°, prefer 
ably to <50° C., e.g., to 20 to <50° C. 
0277. In certain circumstances it may be necessary or 
desirable to work up and purify the reaction mixture obtained. 
Workup/purification may take place by means of typical 
methods, as for example by deactivating or removing the 
catalyst and/or by removing solvent and unreacted reactants. 
In general, however, the purity of the polycondensates 
obtained is sufficient, so there is no need for any further 
workup or purification and the product can be supplied 
directly to its further target use as a curative. 
0278. The products (i) are highly branched and substan 

tially noncrosslinked. 

(ii) Highly Branched Polymer (ii) 

0279 If the polymer (ii) is obtainable by the condensation 
of an amine having at least three primary and/or secondary 
amino groups, it must be capable of self-condensation. Suit 
able therefor in principle are the above-described amines I.a. 
II and III, with the exception of melamine. 
0280. However, the highly branched polymer (ii) is pref 
erably obtainable by condensation of at least two (different) 
amines having at least two primary and/or secondary amino 
groups, in which case at least one amine must comprise at 
least three primary and/or secondary amino groups. 
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0281. If component (i-1) comprises amines having two 
primary and/or secondary amino groups, then the molar ratio 
of said at least one amine having at least three primary and/or 
secondary amino groups to the aminefamines having two 
primary and/or secondary amino groups is preferably 100:1 
to 1:100, more preferably 50:1 to 1:50, more preferably still 
20:1 to 1:20, even more preferably 10:1 to 1:10, more par 
ticularly 2:1 to 1:10, and especially 1:1 to 1:5. 
0282) If only amines having at least three primary and/or 
secondary amino groups are used as component (i-1), then it 
is preferred to use a mixture of at least two different amines 
having at least three primary and/or secondary amino groups. 
0283. In one preferred embodiment of the invention, in 
component (i-1), said at least one amine having at least three 
primary and/or secondary amino groups comprises 
melamine. Besides melamine, however, component (i-1) 
may also comprise further, non-melamine amines having at 
least three primary and/or secondary amino groups. 
0284. In one preferred embodiment the highly branched 
polymer (ii) is obtainable by condensation of 
0285 (ii-1a) at least one amine having at least three pri 
mary and/or secondary amino groups; and 

0286 (ii-1b) at least one amine having at least two primary 
and/or secondary amino groups. 

0287. The molar ratio of amine (i-1a) to amine (i-1b) is 
preferably 20:1 to 1:20, more preferably 10:1 to 1:10, more 
preferably still 5:1 to 1:5, even more preferably 1:1 to 1:5, and 
more particularly 1:1.5 to 1:5, especially 1:2 to 1:4. 
0288. In one particularly preferred embodiment (embodi 
ment ii-C) the highly branched polymer (ii) is obtainable by 
condensation of 
(ii-laa) melamine; 
0289 (ii-1b) at least one amine having at least two primary 
and/or secondary amino groups; and 
0290 (ii-2) optionally at least one amine having one 
primary amino group. 

0291. The molar ratio of melamine (i-1aa) to the entirety 
of amines (i-1 b) and (ii-2) is preferably 20:1 to 1:20, more 
preferably 10:1 to 1:10, more preferably still 5:1 to 1:5, even 
more preferably 1:1 to 1:5, and more particularly 1:1.5 to 1:5. 
especially 1:2 to 1:4. 
0292 Asamine of component (ii-1 b) it is preferred to use 
an amine the formula I. I.a or II, with, of course, a non 
melamine amine being used as amine II. 
0293 Among these amines preference is given, on 
account of the higher reactivity of primary amino groups, to 
those having at least two primary amine groups. Accordingly, 
in the preferred amines (i-1b) of embodiment ii-C, in com 
pounds I R' and Rare H, in compound I.a R'' and R'' are H, 
and in compounds II R', R, and Rare H. 
0294 Particular preference among the compounds I, for 
use in embodiment ii-C of the invention, is given to those in 
which A is an aliphatic or aliphatic-alicyclic radical. 
Examples of primary diamines I having aliphatic groups A are 
1.2-ethylenediamine, 1.2- and 1,3-propylenediamine, 2.2- 
dimethyl-1,3-propanediamine, 1,4-butylenediamine, 1.5- 
pentylenediamine, hexamethylenediamine, heptamethylene 
diamine, octamethylenediamine, nonamethylenediamine, 
decamethylenediamine, undecamethylenediamine, dodeca 
methylenediamine, tridecamethylenediamine, tetradecam 
ethylenediamine, pentadecamethylenediamine, hexadecam 
ethylenediamine, heptadecamethylenediamine, 
octadecamethylenediamine, nonadecamethylenediamine, 
eicosamethylenediamine, 2-butyl-2-ethyl-1,5-pentamethyl 
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enediamine, 2,2,4- or 2,4,4-trimethyl-1,6-hexamethylenedi 
amine, 1,5-diamino-2-methylpentane, 1,4-diamino-4-meth 
ylpentane, and the like. Preference among these is given to 
linear aliphatic groups, such as 1.2-ethylenediamine, 1.2- and 
1,3-propylenediamine, 1,4-butylenediamine, 1.5-pentylene 
diamine, hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, nonamethylenediamine, decameth 
ylenediamine, undecamethylenediamine, dodecamethylene 
diamine, tridecamethylenediamine, tetradecamethylenedi 
amine, pentadecamethylenediamine, 
hexadecamethylenediamine, heptadecamethylenediamine, 
octadecamethylenediamine, nonadecamethylenediamine 
and eicosamethylenediamine, with particular preference 
being given to linear C-C-alkylene groups as group A, such 
as in 1.2-ethylenediamine, 1,3-propylenediamine, 1,4-buty 
lenediamine, 1,5-pentylenediamine and hexamethylenedi 
amine. Examples of primary diamines I with aliphatic-alicy 
clic groups A are diaminodicyclohexylmethane, 
isophoronediamine, bis(aminomethyl)cyclohexane, Such as 
1,1-bis(aminomethyl)-cyclohexane, 1.2-bis(aminomethyl) 
cyclohexane, 1,3-bis(aminomethyl)cyclohexane or 1,4-bis 
(aminomethyl)cyclohexane, 2-aminopropylcyclohexy 
lamine, 3(4)-aminomethyl-1-methylcyclohexylamine, and 
the like. Particular preference among these is given to iso 
phoronediamine. 
0295 Preference is also given to amines I.a having two 
primary amino groups, such as diethylenetriamine, tetraeth 
ylenetriamine, pentaethylenetetramine, hexaethylenehep 
tamine, and the like. 
0296 Preference extends to amines II in which Y is N. 
With regard to suitable and preferred amines II in which Y is 
N, reference is made to the observations above. 
0297 Asamine component (ii-1 b) it is preferred to use a 
diamine, more preferably a primary diamine. With regard to 
Suitable and preferred (primary) diamines, reference is made 
to the elucidations relating to embodiment i-B. 
0298 Alternatively as amine component (i-1b) it is pre 
ferred to use an amine having at least three primary and/or 
secondary amino groups, more preferably having at least 
three primary amino groups. Preferred amines having at least 
three primary and/or secondary amino groups are amines of 
the formulae I.a and II, with more preference being given to 
amines of the formula II. Preferred among these are amines in 
which Y is N. R. R., and R are preferably H. E., E, and E 
are independently of one another preferably C-C-alkylene. 
Concerning Suitable and preferred amines having at least 
three primary and/or secondary amino groups, reference is 
made to the above elucidations relating to embodiment (i-B) 
and also to the general elucidations. 
0299. Also preferred is the use of a mixture of at least one 
diamine, preferably at least one primary diamine, with at least 
one amine having at least three primary and/or secondary 
amino groups, preferably having at least three primary amino 
groups. 

0300. With regard to suitable and preferred amines (ii-2) 
having a primary amino group, reference is made to the elu 
cidations relating to embodiment (i-A) and (i-Aa). Preferably, 
however, no component (ii-2) is used. 
0301 In a more strongly preferred embodiment compo 
nent (i-1) comprises no melamine. In a more strongly pre 
ferred embodiment component (i-1a) comprises no 
melamine. 
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0302) In an alternatively particularly preferred embodi 
ment (embodiment ii-D) the highly branched polymer (ii) is 
obtainable by condensation of (ii-1 ab) at least one amine 
having at least three primary and/or secondary amino groups 
which is different than melamine; and 
0303 (ii-1b) at least one amine having two primary and/or 
secondary amino groups. 

0304. The molar ratio of amine (i-1 ab) to amine (ii-1 b) is 
preferably 20:1 to 1:20, more preferably 10:1 to 1:10, more 
preferably still 5:1 to 1:5, even more preferably 1:1 to 1:5, and 
more particularly 1:1.5 to 1:5, especially 1:2 to 1:4. 
0305 With regard to suitable and preferred amines (ii-lab) 
and (ii-1 b), reference is made to the elucidations relating to 
embodiment i-B. 
0306 Highly branched polymers (ii) and processes for 
preparing them are known in principle and are described for 
example in WO 2008/148766, hereby fully incorporated by 
reference. 
0307 The preparation takes place in general by reaction of 

all of components (i-1) and, optionally, (ii-2) in analogy to 
the manner described for polymer (i), in this case using as 
catalyst—in particular when component (i-1) comprises 
melamine preferably a Brönsted acid or Lewis acid. Suit 
able and preferred Lewis acids have likewise been described 
for polymer (i). 
(iii) Highly Branched Polymer (iii) 
0308 Highly branched polymers (iii) are prepared using 
components (iii-1) and (iii-2) in a molar ratio of preferably 
20:1 to 1:20, more preferably 10:1 to 1:10, more preferably 
still 5:1 to 1:5, even more preferably 3:1 to 1:3, and more 
particularly 2.5:1 to 1:2.5. 
0309 If component (iii-1) comprises diisocyanates and 
polyisocyanates having at least three isocyanate groups, the 
molar ratio of said at least one diisocyanate to said at least one 
polyisocyanate is preferably 50:1 to 1:50, more preferably 
20:1 to 1:20, and more particularly 10:1 to 1:10. 
0310. If component (iii-2) comprises amines having two 
and also amines having at least three primary and/or second 
ary amino groups, then the molar ratio of said at least one 
amine having at least three primary and/or secondary amino 
groups to said at least one amine having two primary and/or 
secondary amino groups is preferably 100:1 to 1:20, more 
preferably 50:1 to 1:10, and more particularly 25:1 to 1:10. 
0311. As component (iii-1) it is preferred to use at least 
one diisocyanate. Accordingly, component (iii-2) must com 
prise at least one amine having at least three primary and/or 
secondary amino groups. 
0312 Highly branched polymers (iii) and processes for 
preparing them are known in principle and are described for 
example in WO 03/066702, hereby fully incorporated by 
reference. 
0313 The preparation takes place in general by reaction of 
components (iii-1) and (iii-2) in analogy to the manner 
described for polymer (i). 
0314. If no masked/blocked isocyanate is used as isocy 
anate component (iii-1), the condensation reaction must be 
admixed with a terminating reagent for its discontinuation. 
0315. The focal groups, i.e., terminal groups, of the deficit 
functionality (NCO group) may be stopped, after the desired 
conversion and hence molecular weight have been attained, in 
one case by addition of an isocyanate-reactive, monofunc 
tional compound, as for example by addition of a monoamine, 
amino alcohol or else alcohol. In this case preference is given 
to terminating reagents containing an amino group, since 

Feb. 3, 2011 

Such reagents terminate ongoing reaction more quickly than, 
for example, alcohols, with the consequence that the resulting 
products are more well-defined. 
0316 Examples of suitable monoamines are methy 
lamine, ethylamine, propylamine, isopropylamine, n-buty 
lamine, sec-butylamine, isobutylamine, tert-butylamine, pen 
tylamine, hexylamine, ethanolamine, propanolamine, 
isopropanolamine, pentanolamine, (2-methoxyethyl)amine, 
(2-ethoxyethyl)amine, (3-methoxypropyl)amine, (3-ethox 
ypropyl)amine, 3-(2-ethylhexyl)propylamine, 2-(2-amino 
ethoxy)ethanol, cyclohexylamine, aminomethylcyclohex 
ane, aniline, benzylamine, and the like. 
0317. Also possible, furthermore, is the addition of a ter 
minating compound containing two or more isocyanate-reac 
tive groups. In this case, in accordance with a convergent 
synthesis route, two or more polymer arms are added to the 
difunctional or polyfunctional termination compound, which 
leads to a sudden increase in the average molar weight of the 
polymer, well above the average molar weight of the polymer 
at the time the stopper was added. 
0318. Examples of suitable difunctional or polyfunctional 
amines are primary amines having one or more secondary 
and/or tertiary amino functions, as already described above 
for the synthesis of the polymers of type (i), or the like. 
0319. As terminating reagent it is preferred to use primary 
monoamines, i.e., amines having a single primary amino 
group and without further secondary or tertiary amino func 
tions. 

(iv) Highly Branched Polymer (iv) 

0320 Highly branched polymers (iv) are prepared using 
components (iv-1) and (iv-2) in a molar ratio of preferably 
20:1 to 1:20, more preferably 10:1 to 1:10, more preferably 
still 5:1 to 1:5, even more preferably 3:1 to 1:2, more particu 
larly 2.5:1 to 1:1.5, and especially 2:1 to 1:1. 
0321) If component (iv-1) comprises dicarboxylic acids 
and/or derivatives thereof and polycarboxylic acids having at 
least three carboxyl groups and/or derivatives thereof, then 
the molar ratio of said at least one dicarboxylic acid/said at 
least one dicarboxylic acid derivative to said at least one 
polycarboxylic acid/said at least one carboxylic acid deriva 
tive is preferably 50:1 to 1:50, more preferably 20:1 to 1:20, 
and more particularly 10:1 to 1:10. 
0322. If component (iv-2) comprises amines having two 
primary and/or secondary amino groups, then the molar ratio 
of said at least one amine having at least three primary and/or 
secondary amino groups to the aminefamines having two 
primary and/or secondary amino groups is preferably 100:1 
to 1:20, more preferably 50:1 to 1:10, and more particularly 
25:1 to 1:10. 

0323. As already observed, it is preferred as component 
(iv-1) to use a dicarboxylic acid, a dicarboxylic acid deriva 
tive or a mixture thereof. In this case, accordingly, it is nec 
essary as component (iv-2) to use at least one amine having at 
least three primary and/or secondary amino groups. 
0324 With regard to suitable and preferred amines having 
at least three primary and/or secondary amino groups, refer 
ence is made to the general elucidations concerning Such 
amines. More particularly the amine is selected from those of 
the formula I.a and II. 
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0325 Highly branched polymers (iv) and processes for 
preparing them are known in principle and are described for 
example in WO 2009/021986, hereby fully incorporated by 
reference. 

(v) Oligomer (v) 
0326 Among the urea derivatives referred to above, pref 
erence for the preparation of the oligomer (v) is given to the 
Substituted ureas, thiourea, the Substituted thioureas, guani 
dine, the Substituted guanidines, and the carbonic esters. 
More strongly preferred are the substituted ureas, thiourea, 
guanidine, and the carbonic esters. Preference among these is 
given to thiourea, N,N'-dimethylurea, N,N'-diethylurea, 
N,N'-di-n-butylurea, N,N'-diisobutylurea, N.N.N',N'-tetram 
ethylurea, guanidine, in the form particularly of guanidine 
carbonate, dimethyl carbonate, diethyl carbonate, ethylene 
carbonate, and 1,2-propylene carbonate. Even more strongly 
preferred are the substituted ureas, thiourea, and the carbonic 
esters. Preference among these is given to thiourea, N,N'- 
dimethylurea, N,N'-diethylurea, N,N'-di-n-butylurea, N,N'- 
disobutylurea, N.N.N',N'-tetramethylurea, dimethyl carbon 
ate, diethyl carbonate, ethylene carbonate, and 1,2-propylene 
carbonate. 
0327 Use is made more particularly as component (V-1) 
of urea or a substituted urea of the formula R'R''N C 
(=O) NR'R' in which R', R. R. and Rindependently of 
one another are as defined above. Preferably R' and Rare H 
or C-C-alkyl, especially methyl or ethyl, and RandR are 
C-C-alkyl, especially methyl or ethyl. Particular preference 
is given to using as component (V-1) urea itself, optionally in 
combination with one of the aforementioned urea derivatives, 
and more particularly just urea. 
0328 Concerning suitable and preferred amines having at 
least two or having at least three primary and/or secondary 
amino groups, reference is made to the observations above. 
0329 Particular preference is given to using amines hav 
ing at least three primary and/or secondary, preferably pri 
mary, amino groups. More particularly compounds II are 
used. Use is made especially of compounds II in whichY is N. 
0330. The oligomeric compound (v) is preferably the con 
densation product of one molecule of urea or urea derivative 
with one or two molecules of amine having two or preferably 
having three primary and/or secondary amino groups, more 
preferably having three primary amino groups. 
0331 Oligomers (V) can be prepared in accordance with 
typical condensation processes. An onward reaction to poly 
meric products can be prevented, for example, by using the 
amine (v-ii) in a large excess (for example, urea(derivative) 
(V-1): amine (V-2)—at least 1:10 or preferably at least 1:30 or 
more preferably at least 1:100) and/or monitoring and limit 
ing the conversion of the condensation reaction, by carrying 
out the reaction at moderate temperatures and/or Suddenly 
lowering the temperature following reaction at relatively high 
reaction temperatures, and so substantially slowing the reac 
tion rate, and/or destroying or neutralizing any catalysts 
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added, after the desired degree of conversion has been 
reached, and/or carrying out the condensation reaction under 
conditions of high dilution in a suitable solvent. 
0332. On the other hand, oligomers (v) are also formed as 
by-products in the preparation of the polymers (i) and may be 
isolated from their reaction mixture, by extraction for 
example with a solvent in which the polymer (i) is insoluble. 

(vi) Oligomer (vi) 
0333 Concerning suitable and preferred amines having at 
least two primary and/or secondary amino groups, reference 
is made to the observations above. It is preferred to use amines 
of the formula I. Preferred among these are amines in which 
A is an alkylene radical. With particular preference, A is 
C-Co-alkylene, more preferably linear C-Co-alkylene, 
and more particularly linear C-C-alkylene, such as 1.2- 
ethylene, 1,3-propylene, 1,4-butylene, 1,5-pentylene and 
hexamethylene. In these amines preferably Rand Rare H. 
0334. The oligomeric compound (vi) is preferably the 
condensation product of one molecule of melamine with one, 
two or three molecules of amine. 
0335 Oligomers (vi) can be prepared in accordance with 
typical condensation processes. An onward reaction to poly 
meric products can be prevented, for example, by using the 
amine (v-ii) in a large excess (for example, melamine (vi-1): 
amine (vi-2)—at least 1:30 or preferably at least 1:100) and/or 
monitoring and limiting the conversion of the condensation 
reaction, by carrying out the reaction at moderate tempera 
tures and/or Suddenly lowering the temperature following 
reaction at relatively high reaction temperatures, and so Sub 
stantially slowing the reaction rate, and/or destroying or neu 
tralizing any catalysts added, after the desired degree of con 
version has been reached, and/or carrying out the 
condensation reaction under conditions of high dilution in a 
suitable solvent. 
0336. On the other hand, oligomers (vi) are also formed as 
by-products in the preparation of the polymers (ii) and may be 
isolated from their reaction mixture, by extraction for 
example with a solvent in which the polymer (ii) is insoluble. 
0337 The compounds (I) to (vi) are used in accordance 
with the invention as curatives for epoxy resins. 

Epoxy Resins 
0338. With regard to the epoxy resins for curing there is no 
restriction whatsoever on the inventive use. 
0339. The majority of commercial uncured epoxy resins 
are prepared by coupling epichlorohydrin onto compounds 
which possess at least two reactive hydrogen atoms. Such as 
polyphenols, monoamines and diamines, aminophenols, het 
erocyclic imides and amides, aliphatic diols or polyols or 
dimeric fatty acids. Epoxy resins derived from epichlorohy 
drin are referred to as glycidyl-based resins. 
0340. The majority of epoxy resins available commer 
cially at the present time derive from the diglycidyl ether of 
bisphenol A (DGEBA resins) and possess the general formula 

CH3 CH3 

R o-K) ()-cisconcil o-K) ()-or 
CH CH pi 

O 

R = CH-A 

in which n stands for 0 to approximately 40. 
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0341. Other important epoxy resins are phenol-based and 
cresol-based epoxy novolaks, examples being epoxy resins 
which derive from the diglycidyl ether of bisphenol F. Novol 
aks are prepared by the acid-catalyzed condensation of form 
aldehyde and phenol or cresol. The epoxidation of the novol 
aks leads to epoxy novolaks. 
0342. Other classes of glycidyl-based epoxy resins derive 
from glycidyl ethers of aliphatic diols, such as butane-1,4- 
diol, hexane-1,6-diol, pentaerythritol or hydrogenated 
bisphenol A, aromatic glycidylamines, an example being the 
triglycidyl adduct of p-aminophenol or the tetraglycidy 
lamine of methylenedianilide; heterocyclic glycidylimides 
and amides, e.g., triglycidyl isocyanurate; and glycidyl esters, 
such as the diglycidyl ester of dimeric linoleic acid, for 
example. 
0343. The epoxy resins may also derive from other 
epoxides (non-glycidyl ether epoxy resins). Examples are the 
diepoxides of cycloaliphatic dienes, such as 3,4-epoxycyclo 
hexylmethyl 3,4-epoxycyclohexanecarboxylate and 4-ep 
oxyethyl-1,2-epoxycyclohexane. 
0344) The condensation products used in accordance with 
the invention are particularly Suitable for the curing of epoxy 
resins based on glycidyl polyethers of bisphenol A, bisphenol 
F, and novolak resins. 
0345 Curatives used in accordance with the invention are 
one or more of the condensation products (i) to (vi). They can 
be used as sole curatives; it is, however, also possible to use 
them in combination with one or more conventional curatives 
for epoxy resins. 
0346. The conventional curatives include aliphatic and 
aromatic polyamines, polyamidoamines, urons, amides, 
guanidines, aminoplasts and phenoplasts, polycarboxylic 
polyesters, dihydroxy and polyhydroxy compounds, thiols, 
imidazoles, imidazolines, and certain isocyanates, and also 
latent polyfunctional curatives. 
0347 Polyamine curatives crosslink epoxy resins through 
reaction of primary or secondary amino functions of 
polyamines with terminal epoxide groups of the epoxy resins. 
Suitable polyamines are, for example, aliphatic polyamines 
Such as ethylenediamine, 1.2- and 1,3-propylenediamine, 
neopentanediamine, hexamethylenediamine, octamethylene 
diamine, 1,10-diaminodecane, 1,12-diaminododecane, 
diethylene-triamine, triethylenetetramine, tetraethylenepen 
tamine, and the like; cycloaliphatic diamines, such as 1.2- 
diaminocyclohexane, 1,3-bis(aminomethyl)cyclohexane, 
1-methyl-2,4-diaminocyclohexane, 4-(2-aminopropan-2- 
yl)-1-methylcyclohexan-1-amine, isophoronediamine, 4,4'- 
diaminodicyclohexylmethane, 3,3'-dimethyl-4,4'-diaminodi 
cyclohexylmethane, norbornamediamine, menthanediamine, 
menthene-diamine and the like; aromatic diamines, such as 
tolylenediamine, Xylylenediamine, more particularly meta 
xylylenediamine, bis(4-aminophenyl)methane (MDA or 
methylenedianiline), bis(4-aminophenyl)sulfone (also 
known as DADS, DDS or dapsone), and the like; cyclic 
polyamines, such as piperazine, N-aminoethylpiperazine and 
the like; polyetherdiamines, examples being the reaction 
product of polypropylene oxide or polyethylene oxide or 
butylene oxide or pentylene oxide or poly(1,4-butanediol) or 
polytetrahydrofuran or mixtures of the 5 last-mentioned alky 
lene oxides with propylene oxide with ammonia, e.g., 4.7.10 
trioxamidecane-1,3-diamine, 4,7,10-trioxamidecane-1,13 
diamine, XTJ-500, XTJ-501, XTJ-511, XTJ-542, XTJ-559, 
XTJ-566, XTJ-568 (Huntsman), 1,8-diamino-3,6-dioxaoc 
tane (XTJ-504 from Huntsman), 1,10-diamino-4,7-dioxade 

Feb. 3, 2011 

cane (XTJ-590 from Huntsman), 1,12-diamino-4,9-dioxa 
dodecane (BASF), 1,3-diamino-4,7,10-trioxamidecane 
(BASF), polyetheramine T5000, Jeffamines and the like; and 
polyamide diamines (amidopolyamines), which are obtain 
able through the reaction of dimeric fatty acids (e.g., dimeric 
linoleic acid) with low molecular mass polyamines, such as 
diethylenetriamine or triethylenetetramine. 
0348. A further class of suitable curatives are those known 
as urons (urea derivatives). Such as 3-(4-chlorophenyl)-1,1- 
dimethylurea (monuron), 3-(3,4-dichlorophenyl)-1,1-dim 
ethylurea (diuron), 3-phenyl-1,1-dimethylurea (fenuron), 
3-(3-chloro-4-methylphenyl)-1,1-dimethylurea (chlortolu 
ron), and the like. 
0349 Suitable curatives are also carbamides, such as 
tolyl-2,4-bis(N,N-dimethylcarbamide), and tetraalky 
lguanidines, such as N.N.N'N'-tetramethylguanidine. 
0350 Melamine-, urea-, and phenol-formaldehyde 
adducts, which are also referred to as aminoplasts or pheno 
plasts, respectively, form a further class of epoxide curatives. 
0351 Polycarboxylic polyesters as curatives are being 
employed increasingly in powder coatings. The crosslinking 
takes place by virtue of the reaction of the free carboxyl 
groups with the epoxide groups of the epoxy resin. 
0352 Further polyfunctional curatives comprise aromatic 
compounds having two or more hydroxyl groups. Examples 
of such are resins obtainable by the reaction of phenol or 
alkylated phenols, such as cresol, with formaldehyde, 
examples being phenol novolaks, cresol novolaks and dicy 
clopentadiene novolaks; furthermore, resins of nitrogen-con 
taining heteroaromatics, such as benzoguanamine-phenol 
formaldehyde resins or benzoguanamine-cresol 
formaldehyde resins, acetoguanamine-phenol-formaldehyde 
resins or acetoguanamine-cresol-formaldehyde resins, and 
melamine-phenol-formaldehyde resins or melamine-cresol 
formaldehyde resins, and also hydroxylated arenes, such as 
hydroquinone, resorcinol, 1,3,5-trihydroxybenzene, 1,2,3- 
trihydroxybenzene (pyrogallol), 1,2,4-trihydroxybenzene 
(hydroxyhydroquinone), 3,4,5-trihydroxybenzoic acid (gal 
lic acid) or derivatives thereof, 1,8.9-trihydroxyanthracene, 
(dithranol or 1.8.9-anthracenetriol), 1,2,10-trihydroxyan 
thracene (anthrarobin) and 2,4,5-trihydroxypyrimidine; addi 
tionally, alkanes Substituted by hydroxylated arenes, such as 
triphenolmethane, triphenolethane and tetraphenolethane. 
Further examples are phosphinates and phosphonates derived 
from hydroquinone and naphthoduinone, as described in WO 
2006/034445, hereby fully incorporated by reference. 
0353. Further polyfunctional curatives comprise thiols, 
imidazoles, such as imidazole, 1-methylimidazole, 2-meth 
ylimidazole, 2-ethyl-4-methylimidazole, 1-cyanoethyl-imi 
dazole and 2-phenylimidazole, and imidazolines, such as 
2-phenylimidazoline. 
0354 Blocked isocyanates have more recently been used 
as latent curatives for water-based coatings. 
0355 Dicyandiamide (dicy), HN=C(NH2)(NHCN), is a 
latent polyfunctional curative frequently employed in powder 
coatings and electrical laminates. 
0356. Also suitable are reaction products of dicy with 
amines, known as bisguanidines, such as HAT 2844 from 
Vantico. 

0357. Further suitable latent polyfunctional curatives are 
boron trifluoride-amine adducts such as BF-monoethy 
lamine, and quaternary phosphonium compounds. 
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0358 Preferred conventional curatives are selected from 
the abovementioned aliphatic polyamines, cycloaliphatic 
diamines, polyetheramines, and mixtures thereof. 
0359. If one or more conventional curatives are used 
alongside the curatives (i) to (vi) employed in accordance 
with the invention, the weight ratio of the total amount of all 
the curatives (i) to (vi) used to the total amount of all the 
conventional curatives used is preferably from 1:1000 to 100: 
1, more preferably from 1:100 to 50:1, and more particularly 
1:50 to 30:1. 

0360. The curatives (i.e., the entirety of all curatives used 
in accordance with the invention and any conventional cura 
tives used) are employed in amounts such that the ratio of the 
number of all the reactive groups (in the case of the curatives 
used in accordance with the invention, these are all the hydro 
gen atoms on primary and secondary amino functions) to the 
number of all the epoxide groups in the epoxy resin is 2:1 to 
1:2, preferably 1.5:1 to 1:1.5, and more particularly about 1:1. 
At a stoichiometric ratio of approximately 1:1, a cured resin 
having optimum thermoset properties is obtained. Depending 
on the desired properties of the resin after crosslinking, how 
ever, it may also be sensible to use curative and epoxy resin in 
different proportions of the reactive groups. 
0361. The number of epoxide groups in the epoxy resin is 
cited as what is called the epoxide equivalent. The epoxide 
equivalent is determined in accordance with DIN 16945. 
0362. The number of reactive groups in the curative is 
calculated, in the case of amine curatives, which encompass 
the condensation products used in accordance with the inven 
tion, via the amine number in accordance with DIN 16945. 
0363 The curing of the epoxy resins is accomplished, 
preferably, thermally by heating of the mixture of epoxy resin 
and curative to a temperature of preferably 5 to 150°C., more 
preferably 20 to 150° C., even more preferably from 25 to 
125° C., and more particularly 30 to 100° C. In the lower 
temperature range (5 to about 25°C.), which indeed corre 
sponds to the ambient temperature that is normally prevail 
ing, it is, of course, Sufficient to mix epoxy resin and curative. 
Which temperature is suitable depends on the particular cura 
tives and epoxy resins and on the desired cure rate, and can be 
determined in each individual case by the skilled worker on 
the basis, for example, of simple preliminary tests. 
0364 Alternatively the curing takes place with, prefer 
ably, microwave induction. 
0365. The invention further provides a composition com 
prising 
(a) at least one condensation product (i) to (vi) as defined 
above; 
(b) at least one epoxy resin which is in uncured or part-cured 
form; and 
(c) optionally at least one conventional epoxy resin curative. 
0366. With regard to suitable and preferred condensation 
products (i) to (vi), epoxy resins, conventional curatives, and 
the ratios between epoxy resin and curative and also between 
inventive and conventional curatives, reference is made to the 
observations above. 

0367 Under certain circumstances, depending on curative 
and epoxy resin, the composition is of unaltered stability over 
a relatively longtime only at low temperatures, as for example 
below 25°C. or below 20° C. or below 10° C. or below 5°C. 
or below 0°C., and so in many cases it is necessary to store it 
at low temperatures. 
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0368 Besides components (a), (b), and (c), the composi 
tion of the invention may further comprise additional conven 
tional additives. It is self-evident that these additives gener 
ally remain in the cured resin, unless they are volatile and do 
not react with the epoxy resin, the curative(s) or other addi 
tives and undergo complete or partial Volatilization during the 
thermal curing process. 
0369 Suitable conventional additives comprise, for 
example, antioxidants, UV absorbers/light stabilizers, metal 
deactivators, antistats, reinforcing materials, fillers, antifog 
ging agents, blowing agents, biocides, plasticizers, lubri 
cants, emulsifiers, colorants, pigments, rheological agents, 
impact tougheners, catalysts, adhesion regulators, optical 
brighteners, flame retardants, antidropping agents, nucleating 
agents, solvents, and reactive diluents ands also mixtures 
thereof. 
0370. The light stabilizers/UV absorbers, antioxidants, 
and metal deactivators that are used optionally preferably 
have a high migration stability and temperature resistance. 
They are selected, for example, from groups a) to t). The 
compounds of groups a) to g) and i) constitute light stabiliz 
ers/UV absorbers, while compounds) to t) act as stabilizers. 
a) 4.4-diarylbutadienes, 
b) cinnamic esters, 
c) benzotriazoles, 
d) hydroxybenzophenones, 
e) diphenylcyanoacrylates, 
f) oxamides, 
g) 2-phenyl-1,3,5-triazines; 
h) antioxidants, 
i) nickel compounds, 
j) sterically hindered amines, 
k) metal deactivators, 
I) phosphites and phosphonites, 
m) hydroxylamines, 
n) nitrones, 
o) amine oxides, 
p) benzofuranones and indolinones, 
q) thiosynergists, 
r) peroxide scavengers, 
S) polyamide stabilizers, and 
t) basic costabilizers. 
0371 Group a) of the 4,4-diarylbutadienes includes for 
example compounds of the formula A. 

(A) 
COOR11 

2N4 COOR10 

C 
0372. The compounds are known from EP-A-916 335. 
The substituents Ro and/or R are preferably C-C alkyl 
and C-C cycloalkyl. 
0373 Group b) of the cinnamic esters includes for 
example 2-isoamyl 4-methoxycinnamate, 2-ethylhexyl 
4-methoxycinnamate, methyl O-methoxycarbonylcin 
namate, methyl C-cyano-B-methyl-p-methoxycinnamate, 
butyl C-cyano-B-methyl-p-methoxycinnamate, and methyl 
C.-methoxycarbonyl-p-methoxycinnamate. 
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phenylenediamine, N,N'-bis(1-ethyl-3-methylpentyl)-p- 
phenylenediamine, N,N'-bis(1-methylheptyl)-p- 
phenylenediamine, N,N'-dicyclohexyl-p- 
phenylenediamine, N,N'-diphenyl-p-phenylenediamine, 
N,N'-bis(2-naphthyl)-p-phenylenediamine, N-isopropyl 
N'-phenyl-p-phenylenediamine, N-(1,3-dimethylbutyl)- 
N'-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N'- 
phenyl-p-phenylenediamine, N-cyclohexyl-N'-phenyl-p- 
phenylenediamine, 4-(p-toluenesulfamoyl) 
diphenylamine, N,N'-dimethyl-N,N'-di-sec-butyl-p- 
phenylenediamine, diphenylamine, 
N-allyldiphenylamine, 4-isopropoxy-diphenylamine, 
N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1- 
naphthylamine, N-phenyl-2-naphthylamine, octylated 
diphenylamine, for example, p.p'-di-tert-octyldipheny 
lamine, 4-n-butylaminophenol, 4-butyrylaminophenol, 
4-nonanoylaminophenol, 4-dodecanoylaminophenol, 
4-octadecanoylaminophenol, bis(4-methoxyphenyl) 
amine, 2,6-di-tert-butyl-4-dimethylaminomethylphenol, 
2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyl 
methane, N.N.N',N'-tetramethyl-4,4'-diaminodiphenyl 
methane, 1.2-bis(2-methylphenyl)aminoethane, 1.2-bis 
(phenylamino)propane, (o-tolyl)biguanide, bis4-(1,3'- 
dimethylbutyl)-phenylamine, tert-octylated N-phenyl-1- 
naphthylamine, a mixture of mono- and dialkylated tert 
butyl/tert-octyldiphenylamines, a mixture of mono- and 
dialkylated nonyldiphenylamines, a mixture of mono- and 
dialkylated dodecyldiphenylamines, a mixture of mono 
and dialkylated isopropyl/isohexyldiphenylamines, a mix 
ture of mono- and dialkylated tert-butyldiphenylamines, 
2,3-dihydro-3,3-dimethyl-4H-1,4-benzothiazine, phe 
nothiazine, a mixture of mono- and dialkylated tert-butyl/ 
tert-octylphenothiazines, a mixture of mono- and dialky 
lated tert-octylphenothiazines, N-allylphenothiazine, N.N. 
N',N'-tetraphenyl-1,4-diaminobut-2-ene, N.N-bis(2.2.6,6- 
tetramethylpiperidin-4-yl)hexamethylenediamine, bis(2. 
2.6,6-tetramethylpiperidin-4-yl) sebacate, 2.2.6,6- 
tetramethylpiperidin-4-one, 2.2.6.6-tetramethylpiperidin 
4-ol, the dimethyl Succinate polymer with 4-hydroxy-2.2, 
6,6-tetramethyl-1-piperidineethanol CAS number 65447 
77-O. (for example, Tinuvin R. 622 from Ciba Specialty 
Chemicals, Inc.), polymer of 2,2,4,4-tetramethyl-7-Oxa-3, 
20-diazadispiro5.1.11.2heneicosan-21-one and epichlo 
rohydrin CAS No.: 2024.83-55-4), (for example Hos 
tavin RN30 from Clariant, Germany.). 

0399 Group i) of the nickel compounds includes for 
example nickel complexes of 2,2'-thiobis4-(1,1,3,3-tetram 
ethylbutyl)phenol, such as the 1:1 or 1:2 complex, with or 
without additional ligands such as n-butylamine, triethanola 
mine or N-cyclohexyldiethanolamine, nickel dibutyl dithio 
carbamate, nickel salts of 4-hydroxy-3,5-di-tert-butylben 
Zylphosphonic acid monoalkyl esters such as of the methyl or 
ethyl esters, for example, nickel complexes of ketoximes Such 
as, for example, of 2-hydroxy-4-methylphenyl undecyl 
ketoxime, and the nickel complex of 1-phenyl-4-lauroyl-5- 
hydroxypyrazole, with or without additional ligands. 
04.00 Group j) of the sterically hindered amines includes 
for example 4-hydroxy-2.2.6.6-tetramethylpiperidine, 1-al 
lyl-4-hydroxy-2.2.6,6-tetramethylpiperidine, 1-benzyl-4-hy 
droxy-2.2.6.6-tetramethylpiperidine, bis(2.2.6,6-tetram 
ethyl-4-piperidyl)sebacate, bis(2.2.6,6-tetramethyl-4- 
piperidyl)Succinate, bis(1.2.2.6,6-pentamethyl-4-piperidyl) 
sebacate, bis(1-octyloxy-2.2.6,6-tetramethyl-4-piperidyl) 
sebacate, bis(1.2.2.6,6-pentamethyl-4-piperidyl)n-butyl-3,5- 
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di-tert-butyl-4-hydroxybenzylmalonate (n-butyl-3,5-di-tert 
butyl-4-hydroxybenzylmalonic acid bis(1.2.2.6,6- 
pentamethylpiperidyl)ester), condensation product of 1-(2- 
hydroxyethyl)-2.2.6,6-tetramethyl-4-hydroxypiperidine and 
Succinic acid, linear or cyclic condensation products of N,N'- 
bis(2.2.6,6-tetramethyl-4-piperidyl)hexamethylenediamine 
and 4-tert-octylamino-2,6-dichloro-1,3,5-triazine, tris(2.2.6. 
6-tetramethyl-4-piperidyl)nitrilotriacetate, tetrakis(2.2.6.6- 
tetramethyl-4-piperidyl) 1,2,3,4-butanetetracarboxylate, 
1,1'-(1.2-ethanediyl)bis(3,3,5,5-tetramethylpiperazinone), 
4-benzoyl-2.2.6.6-tetramethylpiperidine, 4-stearyloxy-2.2.6. 
6-tetramethylpiperidine, bis(1.2.2.6,6-pentamethylpip 
eridyl) 2-n-butyl-2-(2-hydroxy-3,5-di-tert-butylbenzyl)mal 
onate, 3-n-octyl-7.7.9.9-tetramethyl-1,3,8-triazaspiro4.5 
decane-2,4-dione, bis(1-octyloxy-2.2.6.6- 
tetramethylpiperidyl)sebacate, bis(1-octyloxy-2.2.6.6- 
tetramethylpiperidyl)Succinate, linear or cyclic condensation 
products of N,N'-bis(2.2.6,6-tetramethyl-4-piperidyl)hex 
amethylenediamine and 4-morpholino-2,6-dichloro-1,3,5- 
triazine, condensation product of N,N'-bis(2.2.6,6-tetram 
ethyl-4-piperidyl)hexamethylenediamine and formic esters 
(CAS No. 124172-53-8, e.g., Uvinul R. 4050H from BASF 
AG, Ludwigshafen), condensation product of 2-chloro-4,6- 
bis(4-n-butylamino-2,2,6,6-tetramethylpiperidyl)-1,3,5-tri 
azine and 1,2-bis(3-aminopropylamino)ethane, condensation 
product of 2-chloro-4,6-di-(4-n-butylamino-1.2.2.6,6-pen 
tamethylpiperidyl)-1,3,5-triazine and 1.2-bis(3-aminopropy 
lamino)ethane, 8-acetyl-3-dodecyl-7.7.9.9-tetramethyl-1,3, 
8-triazaspiro4.5 decane-2,4-dione, 3-dodecyl-1-(2.2.6.6- 
tetramethyl-4-piperidyl)pyrrolidine-2,5-dione, 3-dodecyl-1- 
(1.2.2.6,6-pentamethyl-4-piperidyl)pyrrolidine-2,5-dione, 
mixture of 4-hexadecyloxy- and 4-stearyloxy-2.2.6.6-tetram 
ethylpiperidine, condensation product of N,N'-bis(2.2.6,6- 
tetramethyl-4-piperidyl)hexamethylenediamine and 4-cyclo 
hexylamino-2,6-dichloro-1,3,5-triazine, condensation 
product of 1.2-bis(3-aminopropylamino)ethane and 2.4.6- 
trichloro-1,3,5-triazine and also 4-butylamino-2,2,6,6-tet 
ramethylpiperidine (CAS Reg. No. 136504-96-6); N-(2.2, 
6,6-tetramethyl-4-piperidyl)-n-dodecylsuccinimide, N-(1.2, 
2.6,6-pentamethyl-4-piperidyl)-n-dodecylsuccinimide, 
2-undecyl-7.7.9.9-tetramethyl-1-Oxa-3,8-diaza-4-oxospiro 
4.5 decane, reaction product of 77.9.9-tetramethyl-2-cy 
cloundecyl-1-Oxa-3,8-diaza-4-oxospiro4.5 decane and 
epichlorohydrin, 1.1-bis(1.2.2.6,6-pentamethyl-4-piperidy 
loxycarbonyl)-2-(4-methoxyphenyl)ethene, N,N'-bisformyl 
N,N'-bis(2.2.6,6-tetramethyl-4-piperidyl)hexamethylenedi 
amine, diester of 4-methoxymethylenemalonic acid with 1.2, 
2.6,6-pentamethyl-4-hydroxypiperidine, poly 
methylpropyl-3-oxo-4-(2.2.6,6-tetramethyl-4-piperidyl) 
siloxane, reaction product of maleic anhydride-O-olefin 
copolymer and 2.2.6,6-tetramethyl-4-aminopiperidine or 
1.2.2.6,6-pentamethyl-4-aminopiperidine, copolymers of 
(partially) N-piperidin-4-yl-substituted maleimide and a 
mixture of C-olefins such as, for example, Uvinul R. 5050H 
(BASF AG), 1-(2-hydroxy-2-methylpropoxy)-4-octade 
canoyloxy-2.2.6.6-tetramethylpiperidine, 1-(2-hydroxy-2- 
methylpropoxy)-4-hexadecanoyloxy-2.2.6.6-tetramethylpi 
peridine, the reaction product of 1-oxyl-4-hydroxy-2.2.6.6- 
tetramethylpiperidine and a carbon radical oft-amyl alcohol, 
1-(2-hydroxy-2-methylpropoxy)-4-hydroxy-2.2.6,6-tetram 
ethylpiperidine, 1-(2-hydroxy-2-methylpropoxy)-4-oxo-2.2, 
6,6-tetramethylpiperidine, bis(1-(2-hydroxy-2-methylpro 
poxy)-2.2.6.6-tetramethylpiperidin-4-yl)sebacate, bis(1-(2- 
hydroxy-2-methylpropoxy)-2.2.6,6-tetramethylpiperidin-4- 
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yl)adipate, bis(1-(2-hydroxy-2-methylpropoxy)-2.2.6.6- 
tetramethylpiperidin-4-yl)Succinate, bis(1-(2-hydroxy-2- 
methylpropoxy)-2.2.6,6-tetramethylpiperidin-4-yl) 
glutarate, 2.4-bis(N1-(2-hydroxy-2-methylpropoxy)-2.2.6, 
6-tetramethylpiperidin-4-yl)-N-butylamino-6-(2- 
hydroxyethylamino)-s-triazine, N,N'-bisformyl-N,N'-bis(1, 
2.2.6,6-pentamethyl-4-piperidyl)hexamethylenediamine, 
hexahydro-2,6-bis(2.2.6,6-tetramethyl-4-piperidyl)-1H4H, 
5H,8H-2.3a,4a,6,7a,8a-hexaazacyclopentadeffluorene-4, 
8-dione (e.g. Uvinul R. 4049 from BASF AG, Ludwigshafen), 
poly 6-(1,1,3,3-tetramethylbutyl)amino-1,3,5-triazine-2, 
4-diyl (2.2.6,6-tetramethyl-4-piperidinyl)imino-1,6-hex 
anediyl (2.2.6,6-tetramethyl-4-piperidinyl)imino) CAS 
No. 71878-19-8, 1,3,5-triazine-2,4,6-triamine, N.N"-1,2- 
ethanediylbis 4,6-bis butyl(1,2,2,6,6-pentamethyl-4-pip 
eridinyl)amino-1,3,5-triazin-2-yl)imino-3,1-propanediyl 
bisN',N'-dibutyl-N',N'-bis(1.2.2,6,6-pentamethyl-4- 
piperidinyl) (CAS No. 106990-43-6) (e.g., Chimassorb 119 
from Ciba Specialty Chemicals, Inc.). 
04.01 Group k) of the metal deactivators includes for 
example N,N'-diphenyloxalamide, N-salicylal-N'-salicyloyl 
hydrazine, N,N'-bis(salicyloyl)hydrazine, N,N'-bis(3,5-di 
tert-butyl-4-hydroxyphenylpropionyl)hydrazine, 3-salicy 
loylamino-1,2,4-triazole, bis(benzylidene)oxalyl 
dihydrazide, oxanilide, isophthaloyl dihydrazide, sebacoyl 
bisphenyl hydrazide, N,N'-diacetyladipic dihydrazide, N,N'- 
bis(salicyloyl)oxalic dihydrazide, and N,N'-bis(salicyloyl) 
thiopropionyl dihydrazide. 
0402 Group I) of the phosphites and phosphonites 
includes for example triphenyl phosphite, diphenyl alkyl 
phosphites, phenyl dialkyl phosphites, tris(nonylphenyl) 
phosphite, trilauryl phosphite, trioctadecyl phosphite, dis 
tearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphe 
nyl)phosphite, diisodecyl pentaerythritol diphosphite, bis(2. 
4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2,6-di 
tert-butyl-4-methylphenyl)pentaerythritol diphosphite, 
diisodecyloxy pentaerythritol diphosphite, bis(2,4-di-tert 
butyl-6-methylphenyl)pentaerythritol diphosphite, bis(2.4.6- 
tris(tert-butylphenyl)pentaerythritol diphosphite, tristearyl 
sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4'- 
biphenylenediphosphonite, 6-isooctyloxy-2,4,8,10-tetra 
tert-butyl-dibenzod, f1.3.2dioxaphosphepine, 6-fluoro-2, 
4,8,10-tetra-tert-butyl-2-methyl-dibenzodg1.3.2 
dioxaphosphocine, bis(2,4-di-tert-butyl-6-methylphenyl) 
methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenyl) 
ethyl phosphite, 2.2.2"-nitrilo triethyltris(3,3',5,5'-tetra-tert 
butyl-1,1'-biphenyl-2,2'-diyl)phosphite, and 2-ethylhexyl 
3.3',5,5'-tetra-tert-butyl-1,1'-biphenyl-2,2'-diyl phosphite. 
04.03 Group m) of the hydroxylamines includes for 
example N,N-dibenzylhydroxylamine, N,N-diethylhydroxy 
lamine, N,N-dioctylhydroxylamine, N,N-dilaurylhydroxy 
lamine, N,N-ditetradecylhydroxylamine, N,N-dihexadecyl 
hydroxylamine, N,N-dioctadecyl-hydroxylamine, 
N-hexadecyl-N-octadecylhydroxylamine, N-heptadecyl-N- 
octa-decylhydroxylamine, N-methyl-N-octadecylhydroxy 
lamine, and N,N-dialkylhydroxylamine from hydrogenated 
tallow fatty amines. 
0404 Group n) of the nitrones includes for example 
N-benzyl C-phenyl nitrone, N-ethyl C.-methyl nitrone, N-oc 
tyl C.-heptyl nitrone, N-lauryl C-undecyl nitrone, N-tetrade 
cyl C-tridecyl nitrone, N-hexadecyl C-pentadecyl nitrone, 
N-octadecyl C-heptadecyl nitrone, N-hexadecyl C-heptade 
cyl nitrone, N-octadecyl C-pentadecyl nitrone, N-heptadecyl 
C.-heptadecyl nitrone, N-octadecyl C-hexadecyl nitrone, 
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N-methyl C.-heptadecyl nitrone, and nitrones derived from 
N,N-dialkylhydroxylamines prepared from hydrogenated 
tallow fatty amines. 
04.05 Group o) of the amine oxides includes for example 
amine oxide derivatives as described in U.S. Pat. Nos. 5,844, 
029 and 5,880,191, didecylmethylamine oxide, tridecy 
lamine oxide, tridodecylamine oxide and trihexadecylamine 
oxide. 
0406 Group p) of the benzofuranones and indolinones 
includes for example those described in U.S. Pat. Nos. 4.325, 
863; 4,338,244; 5,175,312: 5,216,052: 5,252,643; in DE-A- 
4316611; in DE-A-4316622; in DE-A-431 6876; in EP-A- 
0589839 or EP-A-0591102, or 3-4-(2-acetoxyethoxy) 
phenyl-5,7-di-tert-butylbenzofuran-2-one, 5,7-di-tert-butyl 
3-4-(2-stearoyloxyethoxy)phenylbenzofuran-2-one, 3,3'- 
bis(5,7-di-tert-butyl-3-(4-2-hydroxyethoxyphenyl) 
benzofuran-2-one. 5,7-di-tert-butyl-3-(4-ethoxyphenyl) 
benzofuran-2-one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7- 
di-tert-butyl-benzofuran-2-one, 3-(3,5-dimethyl-4- 
pivaloyloxyphenyl)-5,7-di-tert-butyl-benzofuran-2-one, 
3-(3,4-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one, 
Irganox(R) HP-136 from Ciba Specialty Chemicals, and 3-(2, 
3-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one. 
04.07 Group q) of the thiosynergists includes for example 
dilauryl thiodipropionate or distearyl thiodipropionate. 
0408 Group r) of the peroxide scavengers includes for 
example esters of 3-thiodipropionic acid, for example, the 
lauryl, Stearyl, myristyl or tridecyl ester, mercaptobenzimi 
dazole or the Zinc salt of 2-mercaptobenzimidazole, Zinc 
dibutyldithiocarbamate, dioctadecyl disulfide, and pen 
taerythritol tetrakis(B-dodecylmercapto)propionate. 
04.09 Groups) of the polyamine stabilizers includes, for 
example, copper salts in combination with iodides and/or 
phosphorus compounds and manganese(II) salts. 
0410 Group t) of the basic costabilizers includes for 
example melamine, polyvinylpyrrolidone, dicyandiamide, 
triallylcyanurate, urea derivatives, hydrazine derivatives, 
amines, polyamides, polyurethanes, alkali metal and alkaline 
earth metal salts of higher fatty acids, for example, calcium 
Stearate, Zinc Stearate, magnesium behenate, magnesium 
Stearate, Sodium ricinoleate, and potassium palmitate, anti 
mony pyrocatecholate or Zinc pyrocatecholate. 
0411 Examples of suitable antistats includeamine deriva 
tives, such as N,N-bis(hydroxyalkyl)alkylamines or -alkyle 
neamines, polyethylene glycol esters and ethers, ethoxylated 
carboxylic esters and carboxamides, and glycerol monostear 
ates and distearates, and also mixtures thereof. 
0412 Suitable fillers or reinforcing materials comprise, 
for example, calcium carbonate, silicates, talc, mica, kaolin, 
barium Sulfate, metal oxides and metal hydroxides, carbon 
black, graphite, wood flour and flours or fibers of other natural 
products, and synthetic fibers. Examples of suitable fibrous or 
powder fillers further include carbon fibers or glass fibers in 
the form of glass fabrics, glass mats or filament glass rovings, 
chopped glass, glass beads, and wollastonite. Glass fibers can 
be incorporated either in the form of short glass fibers or in the 
form of continuous fibers (rovings). 
0413 Examples of Suitable inorganic coloring pigments 
are white pigments such as titanium dioxide in its three modi 
fications of rutile, anatase or brookite, lead white, zinc white, 
Zinc sulfide or lithopones; black pigments such as carbon 
black, black iron oxide, iron manganese black or spinel black; 
chromatic pigments such as chromium oxide, chromium 
oxide hydrate green, cobalt green or ultramarine green, cobalt 
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blue, iron blue, Milori blue, ultramarine blue or manganese 
blue, ultramarine violet or cobalt and manganese violet, red 
iron oxide, cadmium Sulfoselenide, molybdate red or ultra 
marine red; brown iron oxide, mixed brown, spinel phases 
and corundum phases or chromium orange; yellow iron 
oxide, nickel titanium yellow, chromium titanium yellow, 
cadmium sulfide, cadmium Zinc sulfide, chromium yellow, 
Zinc yellow, alkaline earth metal chromates, Naples yellow: 
bismuth Vanadate, effect pigments such as interference pig 
ments and luster pigments. Examples of Suitable organic pig 
ments are aniline black, anthrapyrimidine pigments, azome 
thine pigments, anthraquinone pigments, monoaZo pigments, 
disazo pigments, benzimidazolone pigments, quinacridone 
pigments, quinophthalone pigments, diketopyrrolopyrrole 
pigments, dioxazine pigments, flavanthrone pigments, indan 
throne pigments, indolinone pigments, isoindoline pigments, 
isoindolinone pigments, thioindigo pigments, metal complex 
pigments, perinone pigments, perylene pigments, pyran 
throne pigments, phthalocyanine pigments, thioindigo pig 
ments, triarylcarbonium pigments or metal complex pig 
ments. Some of the specified pigments, such as carbon black 
or titanium dioxide, for example, also have the capacity to 
function as a filler or reinforcing material and/or as a nucle 
ating agent. 
0414 Examples of suitable dyes are: azo dyes, pyrazolone 
dyes, anthraquinone dyes, perinone dyes, perylene dyes, 
indigo and thioindigo dyes, and azomethine dyes. 
0415 Suitable nucleating agents include, for example, 
inorganic substances, such as talc, metal oxides, such as tita 
nium dioxide or magnesium oxide, phosphates, carbonates or 
Sulfates, preferably of alkaline earth metals; organic com 
pounds, Such as monocarboxylic or polycarboxylic acids and 
the salts thereof. Such as 4-tert-butylbenzoic acid, adipic acid, 
diphenyl acetic acid, sodium Succinate or sodium benzoate; 
and polymeric compounds, such as ionic copolymers (iono 
mers). Particular preference is given to 1.3-2,4-bis(3',4'-dim 
ethylbenzylidene)sorbito, 1.3-2,4-di(para-methyldiben 
Zylidene)sorbitol, and 1.3-2,4-di(benzylidene)sorbitol. 
0416. When used, compounds of groups a) to t), with the 
exception of the benzofuranones of group p), are present in 
the composition of the invention typically in amounts from 
0.0001% to 10% by weight, preferably from 0.01% to 1% by 
weight, based on the total weight of the composition. 
0417. Further typical additives are lubricants. As lubri 
cants the composition of the invention may comprise all of the 
lubricants that are typical for the processing of plastics. Suit 
ability is possessed by hydrocarbons such as oils, paraffins, 
and polyethylene waxes; fatty alcohols, preferably having 6 
to 20 C atoms; ketones; carboxylic acids, such as fatty acids 
(e.g., montanic acid); oxidized polyethylene waxes; metal 
salts of carboxylic acids; carboxamides and also carboxylic 
esters; the alcohol component is selected for example from 
ethanol, fatty alcohols, glycerol, ethanediol and pentaeryth 
ritol, and the carboxylic acid component from, for example, 
long-chain carboxylic acids. 
0418. In order to reduce the flammability and to reduce the 
amount of smoke given off on burning, the composition of the 
invention may also comprise flame inhibitors (flame retar 
dants). Examples of Suitable flame retardants are organic 
chlorine and bromine compounds, such as chlorinated paraf 
fins, antimony trioxide, phosphorus compounds Such as phos 
phate esters, aluminum hydroxide, boron compounds, 
molybdenum trioxide, ferrocene, calcium carbonate or mag 
nesium carbonate. Preferred flame retardants are the hydrox 
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ides, oxides, and oxide hydrates of the (semi)metals of groups 
2, 4, 12, 13, 14, and 15, and also nitrogen-based and phos 
phorus-based flame retardants. Examples of hydroxides, 
oxides, and oxide hydrates of the (semi)metals of groups 2, 4, 
12, 13, 14, and 15 are magnesium oxide, magnesium hydrox 
ide, aluminum oxide, aluminum trihydrate, silicon dioxide, 
tin oxide, antimony(III and V) oxide, antimony(III and V) 
oxide hydrate, titanium dioxide, Zinc oxide, and Zinc oxide 
hydrate. Examples of nitrogen-based flame retardants are 
melamine resins and urea resins, melamine cyanurate, and 
melamineborate. Examples of phosphorus-based flame retar 
dants are red phosphorus, ammonium polyphosphates, phos 
phoric esters, more particularly triaryl phosphates, such as 
triphenyl phosphate, tribenzyl phosphate, tricresyl phos 
phate, tri(dimethylphenyl) phosphate, benzyl dimethyl phos 
phate, di-(dimethylphenyl)phenyl phosphate, resorcinol bis 
(diphenyl phosphate), resorcinol bis-di-(2,6- 
dimethylphenyl)phosphate (PX-200), aluminum 
diethylphosphinate (Exolit(R) OP 1230), and also aliphatic 
phosphates, such as tris(2-chloroisopropyl) phosphate (Lu 
pragenRTCPP), aromatic polyphosphates, examples being 
phosphates derived from bisphenols, such as the compounds 
described in US 2004/0249022, and phosphonic esters, such 
as dimethyl methylphosphonate and (2-((hydroxymethyl) 
carbamyl)ethyl)dimethyl phosphonate, and polycyclic phos 
phorus-containing compounds, such as 9,10-dihydro-9-Oxa 
10-phosphaphenanthrene 10-oxide (DOPO). 
0419. The choice of suitable conventional additives for the 
composition of the invention is dependent on the particular 
end use of the cured epoxy resins and can be determined in 
each individual case by the skilled worker. 
0420 Further provided by the invention is a prepreg com 
prising the composition of the invention. A prepreg (preim 
pregnated fibers) is an uncured, fiber-reinforced, thermoset, 
semifinished product, i.e., a fiber mat impregnated with an 
uncured or only part-cured epoxy resin (including curative). 
In the prepreg of the invention a fibermat is impregnated with 
the composition of the invention. Suitable fiber materials 
comprise Surface-treated glass fibers, quartz fibers, boron 
fibers, and graphite fibers (carbon fibers), and also fibers of 
certain aromatic polyamides, which are also referred to as 
polyaramids (e.g., Kevler(R) from DuPont). More particular 
preference among these is given to glass fibers. 
0421. The invention further provides a cured epoxy resin 
obtainable by curing uncured or part-cured epoxy resin with 
a condensation product (i), (ii), (iii), (iv), (v) or (vi) as defined 
above and, optionally, at least one conventional curative for 
epoxy resins, or by curing a composition of the invention or a 
prepreg of the invention. 
0422. With regard to suitable and preferred condensation 
products, conventional curatives, epoxy resins, and curing 
conditions, and also to the composition of the invention and 
the prepreg of the invention, reference is made to the obser 
Vations above. 
0423. In one embodiment the cured epoxy resin comprises 
a reinforcement. Such a resin is also referred to as a compos 
ite. 
0424 Composites, or composite materials, are complex 
materials comprising two or more different Substances, and 
have properties that are not present in the individual sub 
stances. In epoxy composites, one of the Substances is an 
epoxy resin. The term embraces not only heterogeneous mix 
tures of epoxy resins with other materials. Such as minerals, 
fibers, other plastics or elastomers, but also homogeneous 
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(single-phase) mixtures of epoxy resins with one or more 
polymers, also referred to as a homogeneous polymer blend. 
(Heterogeneous) epoxy composites generally comprise a 
fiber as reinforcing material. Epoxy composites based on 
fibers are generally produced by disposing strong, continuous 
fibers in an epoxy resin/curative matrix. Suitable fiber mate 
rials include Surface-treated glass fibers, quartz fibers, boron 
fibers, and graphite fibers (carbon fibers), and fibers of certain 
aromatic polyamides, also referred to as polyaramids (e.g., 
KevlerR) from DuPont). 
0425 Examples of composites are what are known as 
prepregs (preimpregnated fibers). A prepreg is an uncured, 
fiber-reinforced, thermoset, semi-finished product, i.e., a 
fiber mat, which is impregnated with uncured or part-cured 
epoxy resin (including curative). 
0426 Further examples are composites which are 
obtained by winding. For this purpose a fiber, a wire for 
example, which has been impregnated with an uncured or 
part-cured epoxy resin (including curative), is wound to a roll. 
0427 Further examples are composite boards, such as 
chipboard, fiberboard and rigid-fiberboard, which generally 
comprise finely divided pieces of wood, such as wood chips 
or wood fibers, as a filler. 
0428. Another important example of epoxy composites 
are epoxy laminates, more particularly printed circuit boards 
(PCBs), which are employed in computers and electronic 
devices. Electrical laminates are generally produced from 
glass fabric laminate (low-alkali glass), which is impregnated 
with an uncured or part-cured epoxy resin (including cura 
tive) and so forms a prepreg. A multilayer laminate is then put 
together from a plurality of layers of prepregs and one or more 
layers of copper foil. This structure is then cured, preferably 
with exposure to high temperatures (150-180° C.) and pres 
sures (2-10 MPa). The cure time depends on the particular 
composition of the laminate, the thickness and number of the 
layers, the epoxy resin, and the curative, and is determined by 
the skilled worker on an ad hoc basis. 
0429. In one preferred embodiment of the invention, the 
cured epoxy resin comprises, as reinforcing material, glass 
fibers, boron fibers, carbon fibers or polyaramid fibers, and 
more particularly glass fibers. 
0430. In another preferred embodiment the cured epoxy 
resin is a laminate constructed from at least two prepregs of 
the invention. The laminate preferably further comprises a 
copper foil. Within the laminate the epoxy resin is present in 
cured form. 
0431. In another preferred embodiment the cured epoxy 
resin of the invention comprises a filler, the filler being 
selected preferably from minerals and particulate wood, Such 
as wood chips and wood fibers. 
0432. The invention provides, finally, a method of curing 
an epoxy resin by admixing an uncured or part-cured epoxy 
resin with at least one condensation product (i), (ii), (iii), (iv), 
(V), or (vi) as defined above and, optionally, with at least one 
conventional epoxy resin curative and bringing the resulting 
mixture to a temperature of 5 to 150° C. or subjecting it to 
microwave radiation. 
0433 With regard to suitable and preferred condensation 
products, conventional curatives, epoxy resins, and curing 
conditions, such as temperature, reference is made to the 
observations above. 
0434. The use of at least one of the condensation products 

(i) to (vi) as curatives produces cured epoxy resins having a 
very high crosslinking density, without the need to use toxic, 
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Volatile or foul-smelling curatives. The resulting thermosets 
are distinguished by high mechanical and chemical stability 
and their possible uses are extremely diverse. 
0435 The invention is now elucidated in greater detail by 
the nonlimiting examples which follow. 

EXAMPLES 

1.) Preparation of the Condensation Products 

1.1) Polymer of melamine and N,N-bis(3-aminopro 
pyl)ethylenediamine 

0436 778.7 g (4.5 mol) of N,N-bis(3-aminopropyl)ethyl 
enediamine, 40.1 g of ammonium chloride, and 50.4 g (0.4 
mol) of melamine were mixed and the mixture was heated 
slowly to 200° C. under nitrogen. During the heating opera 
tion, gas was given off (ammonia). When the melamine had 
fully dissolved, the mixture was cooled to 100°C., 50.4 g (0.4 
mol) of melamine were added, and the mixture was again 
heated to 200°C. This procedure was repeated until a total of 
189 g (1.5 mol) of melamine had been added. The reaction 
mixture was maintained at 200° C. under nitrogen until the 
viscosity (23° C.) had reached about 50 000 mPa's. The 
resulting viscous brown oil was admixed slowly at 75° C. 
with 69.4 g of NaOH (in the form of a 50% strength aqueous 
solution) and the precipitate formed was removed by filtra 
tion. This gave an oil having the following properties: 
M: 2700; M: 6000; PD: 2.2:amine number: 539 mg KOH/ 
g; viscosity (23°C.): 6430 mPa's 

1.2) Polymer of melamine and isophoronediamine 

0437 927.2 g (5.4 mol) of isophoronediamine, 5.22 g of 
ammonium chloride, and 49.1 g (0.4 mol) of melamine were 
mixed and the mixture was heated slowly to 200° C. under 
nitrogen. During the heating operation, gas was given off 
(ammonia). When the melamine had fully dissolved, the mix 
ture was cooled to 100°C., 49.1 g (0.4 mol) of melamine were 
added, and the mixture was again heated to 200° C. This 
procedure was repeated until a total of 245.5 g (1.9 mol) of 
melamine had been added. The reaction mixture was main 
tained at 200° C. for 40.5 h. Cooling to room temperature 
gave a beige, glasslike solid having the following properties: 
M.: 5000; M: 9500; PD: 1.9; amine number: 368 mg 
KOH/g 

1.3) Polymer of melamine and 
hexamethylenediamine 

0438 325.6 g (2.8 mol) of hexamethylenediamine, 5.35g 
of ammonium chloride, and 25.2 g (0.2 mol) of melamine 
were mixed and the mixture was heated slowly to 200° C. 
under nitrogen. During the heating operation, gas was given 
off (ammonia). When the melamine had fully dissolved, the 
mixture was cooled to 100°C., 25.2 g (0.2 mol) of melamine 
were added, and the mixture was again heated to 200°C. This 
procedure was repeated until a total of 126 g (1.0 mol) of 
melamine had been added. The reaction mixture was main 
tained at 200° C. under nitrogen until the viscosity (50° C.) 
had reached about 35 000 mPas. Cooling to room tempera 
ture gave an oil having the following properties: 
M: 2300; M: 6800; PD: 3.0; amine number: 517 mg KOH/ 
g; viscosity (50° C.): 36 100 mPa's 
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1.4) Polymer of diethyl carbonate and 
diethylenetriamine 

0439 1349 g (11.4 mol) of diethyl carbonate and 1178 
(11.4 mol) of diethylenetriamine were charged to a 4 I flask 
and the mixture was heated to 135°C. Following the onset of 
reaction, the temperature fell, owing to the evolution of etha 
nol, to about 108°C. The ethanol formed was removed by 
distillation on a 20 cm Vigreux column. Cooling to room 
temperature gave a product having the following properties: 
M:960; M: 1400; PD: 1.5; amine number: 484 mg KOH/g 

1.5) Polymer of urea and tris(2-aminopropyl)amine 

0440 161 g (2.7 mol) of urea and 503 g (2.7 mol) of 
tris(2-aminopropyl)amine were charged to a 1 I flask and 
mixed and the mixture was heated to 100° C. Following the 
onset of reaction, ammonia formed was taken off and neu 
tralized by introduction into an aqueous HCl solution with a 
strength of approximately 32%. The reaction mixture was 
heated to 150° C. over the course of 3 h. Cooling to room 
temperature gave a product having the following properties: 
M: 2700; M: 4100; PD: 1.5; amine number: 643 mg KOH/g 

1.6) Polymer of urea, melamine, and 
hexamethylenediamine 

0441 929.6 g (8 mol) of hexamethylenediamine, 50.4g 
(0.4 mol) of melamine, and 5.35 g (0.1 mol) of ammonium 
chloride were heated slowly to 200°C. under nitrogen. After 
all of the melamine had dissolved, the mixture was cooled to 
100° C., 50.4 g (0.4 mol) of melamine were added, and the 
mixture was again heated to 200° C. This procedure was 
repeated until a total offive 50.4 g portions of melamine (total 
amount of melamine 252 g, 2 mol) had been added. The 
reaction mixture was maintained at 200°C. under nitrogen for 
58 hours. It was then cooled to 50° C. and 60 g (1 mol) of urea 
were added in 3 20 g portions. Thereafter the mixture was 
heated to 120° C. and maintained at that temperature until the 
urea had dissolved and the evolution of ammonia had sub 
sided. The reaction mixture was maintained under nitrogen at 
120° C. until it had a viscosity of 6000 mPas at 75° C. This 
gave a yellowish, highly viscous, virtually immobile oil hav 
ing the following properties: 
M: 2400; M: 8800; PD: 3.7; amine number: 461 mg KOH/g 

1.7) Synthesis of 
N,N',N'-tris(6-aminohexyl)melamine 

0442 63.5 g (0.5 Mol) of melamine, 1162 g (10.0 mol) of 
hexamethylenediamine, and 26.8 g (0.5 Mol) of ammonium 
chloride were boiled under reflux (about 210°C.), with stir 
ring and the passage of a gentle stream of nitrogen over the 
mixture, for 14-16h. Then, at 100° C., 48g (0.6 mol) of 50% 
strength aqueous sodium hydroxide solution were added and 
the precipitated salt was filtered off hot. Finally the hexam 
ethylenediamine excess was removed from the filtrate by 
vacuum distillation, to give 211 g of a colorless, viscous oil. 
According to quantitative HPLC analysis, the product con 
tained 92% by weight N,N',N'-tris-(6-aminohexyl) 
melamine. 
Amine number: 496 mg KOH/g 

2.) Curing of Epoxy Resins 
0443) The products from the preparation examples were 
employed either as they were or combined with a mixture of 
70% by weight Jeffamine D-230 (polyetheramine from 
Huntsman Corp.; difunctional, amine-terminated poly 
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etherol; M., about 230 g/mol) and 30% by weight isophor 
onediamine, this mixture being referred to below as D-230/ 
IPDA. 
0444 The resin used was EpiloxRA 19-00 (Leuna-Harze 
GmbH, Leuna, Germany) (epoxide equivalent according to 
DIN 16945: 182-192 g/equiv.: viscosity (25°C.) according to 
DIN 53 0159000-13 000mPa's: density (20° C.) according to 
DIN 53217 T.41.17 g/cm; Gardner color number; DIN ISO 
4630 <2). 

General Procedure 

0445 1 g of the product from one of the above preparation 
examples, or a mixture thereof with D-230/IPDA in the 
weight proportion indicated below, was admixed with Epi 
lox R A 19-00. The amount of Epilox was chosen such that 
there was one reactive hydrogenatom per epoxide equivalent. 
The number of reactive protons was calculated from the 
amine number in accordance with DIN 16945. 
0446. The mixture was poured into different molds, 
degassed in an ultrasound bath at room temperature, and 
cured in a drying cabinet at 40°C. for 16 h. 
0447 All of the cured products were hard and clear or 
slightly opaque. 
2.1) Curative: product from example 1.1 
Amount of curative: 5g 

Amount of EpiloxR: 17.50 g 
0448. Cured product: pale yellow, clear 
2.2) Curative: mixture: 10% by weight product from example 
1.1 and 90% by weight D-230/IPDA. The mixture had an 
amine number of 513 mg KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.65g 
0449 Cured product: colorless, cloudy 
2.3) Curative: mixture: 10% by weight product from example 
1.2 and 90% by weight D-230/IPDA. The mixture had an 
amine number of 495 mg KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.05 g 
0450 Cured product: colorless, cloudy 
2.4) Curative: mixture: 10% by weight product from example 
1.3 and 90% by weight D-230/IPDA. The mixture had an 
amine number of 505 mg KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.40 g 
0451 Cured product: colorless, slightly cloudy 
2.5) Curative: product from example 1.4 
Amount of curative: 5g 

Amount of EpiloxR: 15.70 g 
0452 Cured product: yellow, clear 
2.6) Curative: mixture: 10% by weight product from example 
1.4 and 90% by weight 
D-230/IPDA. The mixture had an amine number of 507 mg 
KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.45g 
0453 Cured product: colorless, clear 
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2.7) Curative: product from example 1.5 
Amount of curative: 5g 

Amount of EpiloxR: 20.90 g 
0454 Cured product: colorless, cloudy 
2.8) Curative: mixture: 5% by weight of product from 
example 1.5 and 95% by weight 
D-230/IPDA. The mixture had an amine number of 516 mg 
KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.75g 
0455 Cured product: colorless, clear 
2.9) Curative: product from example 1.7 
Amount of curative: 5g 

Amount of EpiloxR: 16.10 g 
0456. Cured product: colorless, clear 
2.10) Curative: mixture: 10% by weight of product from 
example 1.7 and 90% by weight D-230/IPDA. The mixture 
had an amine number of 508 mg KOH/g 
Amount of curative: 5g 

Amount of EpiloxR: 16.50 g 
0457 Cured product: colorless, clear 
2.11) Curative: product from example 1.1; comparison: 
D-23O/IPDA 
0458. The cured product produced with the curative from 
example 1.1 had a significantly higher T than the product 
cured with D-230/IPDA (139° C. vs. 108° C.). 
2.12) Curative: product from example 1.5; comparison: 
D-23O/IPDA 
0459. With the product from example 1.5, curing already 
set in at a significantly lower temperature than in the case of 
use of D-230/IPDA (33° C. vs. 77° C.). 

1. A curative for an epoxy resin comprising a condensation 
product selected from 

(i) a highly branched polymer obtained by a process com 
prising condensing 
(i-1) urea and/or at least one urea derivative; and 
(i-2) at least one amine having at least two primary 

and/or secondary amino groups, with at least one 
amine comprising at least three primary and/or sec 
ondary amino groups; 

(ii) a highly branched polymer obtained by a process com 
prising condensing 
(i-1) one amine having at least three primary and/or 

secondary amino groups, or at least two amines hav 
ing at least two primary and/or secondary amino 
groups, with at least one of these at least two amines 
comprising at least three primary and/or secondary 
amino groups; 

(iii) a highly branched polymer obtained by a process com 
prising condensing 
(iii-1) at least one at least difunctional di- or polyisocy 

anate; and 
(iii-2) at least one amine having at least two primary 

and/or secondary amino groups, with at least one 
polyisocyanate being at least trifunctional or with at 
least one amine comprising at least three primary 
and/or secondary amino groups; 
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(iv) a highly branched polymer obtained by a process com 
prising condensing 
(iv-1) at least one carboxylic acid having at least two 

carboxyl groups or at least one derivative thereof, and 
(iv-2) at least one amine having at least two primary 

and/or secondary amino groups; 
with at least one carboxylic acid comprising at least 

three carboxyl groups or carboxyl group derivatives, 
or with at least one amine comprising at least three 
primary and/or secondary amino groups; 

(V) an oligomeric compound obtained by a process com 
prising condensing 
(V-1) urea and/or at least one urea derivative; and 
(V-2) at least one amine having at least two primary 

and/or secondary amino groups, with at least one 
amine comprising at least three primary and/or sec 
ondary amino groups; and 

(vi) an oligomeric compound obtained by a process com 
prising condensing 
(vi-1) melamine; and 
(vi-2) at least one amine having at least two primary 

and/or secondary amino groups and being different 
than melamine. 

2. The curative of claim 1, wherein the urea derivatives of 
components (i-1) and (V-1) are 

substituted ureas of formula R'R''N C(=O) NRR", in 
which R', R. R. and R' independently of one another 
are selected from the group consisting of hydrogen, 
C-C-alkyl, aryl, and aryl-C-C-alkyl, with at least 
one of the radicals R', R. R. and R not being hydro 
gen; or R' and R and/or R and Reach together are 
C-C-alkylene, with one methylene group optionally 
being replaced by a carbonyl group; or R' and R. 
together are C-Cs-alkylene, with one methylene group 
optionally being replaced by a carbonyl group; or R' and 
R° and/or R and R, in each case together with the 
nitrogen atom to which they are attached, form a 5- or 
6-membered unsaturated aromatic or nonaromatic ring 
which may further comprise one or two further nitrogen 
atoms or a Sulfur atom or oxygen atom as ring member; 

biuret; 
thiourea; 
substituted thioureas of formula RRN C(=S)— 
NRR, in which R. R. R', and R independently of 
one another are selected from the group consisting of 
hydrogen, C-C2-alkyl, aryl, and aryl-C-C-alkyl, 
with at least one of the radicals R. R. R. and R not 
being hydrogen; or R and R and/or R7 and Reach 
together are C-Cs-alkylene, with one methylene group 
optionally being replaced by a carbonyl group; or Rand 
R7 together are C-Cs-alkylene, with one methylene 
group optionally being replaced by a carbonyl group; or 
Rand Rand/or R7 and R, in each case together with 
the nitrogen atom to which they are attached, form a 5 
or 6-membered unsaturated aromatic or nonaromatic 
ring which may further comprise one or two further 
nitrogen atoms or a Sulfur atom or oxygen atom as ring 
member, 

guanidine; 
substituted guanidines of the formula R'R''N C 
(—NR'') NR'R'', in which R, R', R'', R' and 
R" independently of one another are selected from the 
group consisting of hydrogen, C-C2-alkyl, aryl, and 
aryl-C-C-alkyl, with at least one of the radicals R. 
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R', R', R'' and R'not being hydrogen; or Rand R' 
and/or R'' and R' each together are C-C-alkylene, 
with one methylene group optionally being replaced by 
a carbonyl group; or R and R' together are C-Cs 
alkylene, with one methylene group optionally being 
replaced by a carbonyl group; or RandR'' and/or R' 
and R', in each case together with the nitrogen atom to 
which they are attached, form a 5- or 6-membered unsat 
urated aromatic or nonaromatic ring which may further 
comprise one or two further nitrogenatoms or one Sulfur 
atom or oxygen atom as ring member, or 

carbonic esters of the formula R O CO-O-R', in 
which R'' and R' independently of one another are 
selected from the group consisting of C-C2-alkyl, aryl, 
and aryl-C, C-alkyl, or R'' and R' together are C-Cs 
alkylene. 

3. The curative according to claim 2, wherein RandR are 
hydrogen and R' and Rare identical and are C-C2-alkyl, 
aryl or aryl-C-C-alkyl: or R. R. R. and R are identical 
and are linear C-C-alkyl; or R' and Rand also R and R. 
in each case together, are C-C-alkylene, with one methyl 
enegroup optionally being replaced by a carbonyl group; or 
R° and R are hydrogen and R' and R together are C-C- 
alkylene, with one methylene group optionally being 
replaced by a carbonyl group; or R' and R and also R and 
R", in each case together with the nitrogenatom to which they 
are attached, form a 5- or 6-membered unsaturated aromatic 
or nonaromatic ring which may further comprise a further 
nitrogen atom, Sulfur atom or oxygen atom as ring member. 

4. The curative according to claim 2, wherein RandR are 
hydrogen and RandR are alike and are C-C2-alkyl, arylor 
aryl-C-C-alkyl; or R. R. R. and Rare alike and are linear 
C-C-alkyl; or Rand R and also R7 and R, in each case 
together, are C-C-alkylene, with one methylene group 
optionally being replaced, by a carbonyl group; or RandR 
arehydrogen and RandR together are C-Cs-alkylene, with 
one methylene group optionally being replaced by a carbonyl 
group; or RandR and also R7 and R, in each case together 
with the nitrogen atom to which they are attached, form a 5 
or 6-membered unsaturated aromatic or nonaromatic ring 
which may further comprise a further nitrogen atom, Sulfur 
atom or oxygen atom as ring member. 

5. The curative according to claim 2, wherein R', R', and 
Rarehydrogen and RandR'' are identical and are C-C2 
alkyl, aryl or aryl-C-C-alkyl; or R. R. R', and R'' are 
identical and are linear C-C-alkylandR'' is Hor methyl; or 
R and R'' and also R' and R' in each case together are 
C-C-alkylene, with one methylene group optionally being 
replaced by a carbonyl group, and R'' is H or methyl; or R', 
R'', and R' are hydrogen and RandR' together are C-Cs 
alkylene, with one methylene group optionally being 
replaced by a carbonyl group; or RandR'' and also R' and 
R", in each case together with the nitrogen atom to which 
they are attached, form a 5- or 6-membered unsaturated aro 
matic or nonaromatic ring which may further comprise a 
further nitrogen atom, Sulfur atom or oxygen atom as ring 
member, and R'' is H or methyl. 

6. The curative according to claim 2, wherein R'' and R' 
are alike and are C-C-alkyl. 
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7. The curative according to claim 1, wherein said at least 
one amine having at least two primary and/or secondary 
amino groups, of components (i-2), (ii-1), (iii-2), (iv-2), (V-2), 
and (vi-2), is selected from the group consisting of amines of 
the formula I 

NHR-A-NHR (I) 

in which 
A is a divalent aliphatic, alicyclic, aliphatic-alicyclic, aro 

matic or araliphatic radical, with the aforementioned 
radicals also optionally being interrupted by a carbonyl 
group or by a Sulfone group and/or possibly Substituted 
by 1, 2, 3 or 4 radicals selected from C-C-alkyl; or is a 
divalent radical of the formula 

-EB—X B 

in which 

each X independently is O or NR, in which R is H. 
C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy: 

each B independently is C-C-alkylene; and 
m is a number from 1 to 100; and 
R" and Rindependently of one another are H, C, -Ca-alkyl, 

C-C-hydroxyalkyl or C-C-alkoxy. 
8. The curative according to claim 7, wherein the divalent 

aliphatic radicals A are linear or branched C-Co-alkylene. 
9. The curative according to claim 7, wherein the divalent 

alicyclic radicals A are selected from Cs-Cs-cycloalkylene 
which optionally comprise 1, 2, 3 or 4C-C-alkyl radicals. 

10. The curative according to claim 7, wherein the divalent 
aliphatic-alicyclic radicals A are selected from Cs-Cs-cy 
cloalkylene-C-C-alkylene, Cs-C-cycloalkylene-C-C- 
alkylene-C-C-cycloalkylene, and C-C-alkylene-Cs-Cs 
cycloalkylene-C-C-alkylene, with the cycloalkylene 
radicals optionally comprising 1, 2, 3 or 4C-C-alkyl radi 
cals. 

11. The curative according to claim 7, wherein the divalent 
aromatic radicals A are selected from phenylene, naphthyl 
ene, biphenylene, phenylene-Sulfone-phenylene, and phe 
nylene-carbonyl-phenylene, with the phenylene radicals 
optionally comprising 1, 2, 3 or 4C-C-alkyl radicals. 

12. The curative according to claim 7, wherein the divalent 
araliphatic radicals A are selected from phenylene-C-C- 
alkylene and phenylene-C-C-alkylene-phenylene, with the 
phenylene radicals optionally comprising 1, 2, 3 or 4C-C- 
alkyl radicals. 

13. The curative according to claim 1, wherein said at least 
one amine having at least three primary and/or secondary 
amino groups, of components (i-2), (i-1), (iii-2), (iv-2), and 
(V-2), is selected from the group consisting of 

amines of the formula I.a 

NHR1-A-NHR (I.a) 

in which 
A' is a divalent radical of the formula 

-EB X'l-B'—: 
in which 

each X* independently is O or NR', with at least oneX' in 
the compound Ila being NR", in which R' is H, C-C- 
alkyl, C-Ca-hydroxyalkyl or C-C-alkoxy, with at 
least one radical R' being H: 
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each B' independently is Ca-Ca-alkylene; and 
m" is a number from 1 to 20; and 
R'' and R' independently of one another are H, C, -Ca 

alkyl, C-C-hydroxyalkyl or C-C-alkoxy; 
amines of the formula II 

(II) 
E-NHRd 

RHN-E 

E. 
V 
NHRé 

in which 

Y is CR, N, C-C-alkyl, Ca-Ca-cycloalkyl, phenyl or a 5 
or 6-membered, saturated, partly unsaturated or aro 
matic heterocyclic ring having 1, 2 or 3 heteroatoms as 
ring members which are selected from the group con 
sisting of N, O, and S; 

E, E, and E independently of one another are a single 
bond, C1-Co-alkylene, NR" Ca-Cio-alkylene or 
O—C-Co-alkylene, with the proviso that E, E, and 
Es are not a single bond and not - NR" Ca-Co-alky 
lene if Y is N: 

R. R. and Rindependently of one another are H, C-C- 
alkyl, C-C-hydroxyalkyl or C-C-alkoxy; and 

RandR'independently of one another are H, C, -C-alkyl, 
C-C-hydroxyalkyl or C-C-alkoxy: 

amines of the formula III 

(III) 
RHN NHR 

V A 
Ad Ab 
V M 
- A-Z 

A V 
Aé AC 
A V 

RHN NHR 

in which 

A has one of the definitions stated for A in any one of 
claims 7 to 12: 

A, A, A, and A independently of one another are 
C-Co-alkylene; 

Z is N or CR"; and 
R. R. R. R', and R" independently of one another are H, 
C-C-alkyl, Ca-Ca-hydroxyalkyl or C-C-alkoxy; and 

mixtures thereof. 

14. The curative according to claim 1, wherein said at least 
one amine having at least three primary and/or secondary 
amino groups, of components (i-2) and (ii-1), comprises 
melamine. 

15. The curative according to claim 1, wherein said at least 
one amine having at least three primary and/or secondary 
amino groups, of component (i-1), comprises no melamine. 
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16. The curative according to claim 1, wherein the conden 
sation products (i) are selected from the group consisting of 

(i) highly branched polymers obtained by a process com 
prising condensing 

(i-1) urea and/or at least one urea derivative; 
(i-2a) melamine; 
(i-2b) at least one amine, with the at least one amine com 

prising 
(i-2ba) 20 to 100 mol %, based on the total amount of 

components (i-2ba), (i-2bb), and (i-2bc), of at least 
one diamine or polyamine having two primary amino 
groups, 

(i-2bb) 0 to 50 mol %, based on the total amount of 
components (i-2ba), (i-2bb), and (i-2bc), of at least 
one polyamine having at least three primary amino 
groups and being different than melamine; and 

(i-2bc) 0 to 80 mol %, based on the total amount of 
components (i-2ba), (i-2bb), and (i-2bc), of at least 
one amine having one primary amino group; 

and 
(i-2c) optionally, at least one melamine derivative selected 

from the group consisting of benzoguanamine, a Substi 
tuted melamine melamines, and a melamine condensate. 

17. The curative according to claim 16, wherein compo 
nent (i-1) is urea. 

18. The curative according to claim 16, wherein the 
diamine or polyamine of component (i-2ba) is selected from 
the group consisting of amines of the formula I 

NH-A-NH, (I) 
wherein 
A is a divalent aliphatic, alicyclic, aliphatic-alicyclic, aro 

matic or araliphatic radical, with the aforementioned 
radicals also possibly being interrupted by a carbonyl 
group or by a Sulfone group and/or possibly Substituted 
by 1, 2, 3 or 4 radicals selected from C-C-alkyl; or is a 
divalent radical of the formula 

-EB—X B 

in which 
each X independently is O or NR, in which R is H, 

C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy; 
each B independently is C-C-alkylene; and 
m is a number from 1 to 100; and 
RandR independently of one another are H, C-C-alkyl, 

C-C-hydroxyalkyl or C-C-alkoxy. 
19. The curative according to claim 16, wherein compo 

nent (i-2b) is a diamine having two primary amino groups. 
20. The curative according to claim 19, wherein the 

diamine having two primary amino groups is selected from 
the group consisting of C-Co-alkylenediamines. 

21. The curative according to claim 1, wherein the conden 
sation products (i) are selected from the group consisting of 

(i) highly branched polymers obtained by a process com 
prising condensing 

(i-1) urea and/or at least one urea derivative; 
(i-2d) at least one amine having at least three primary 

and/or secondary amino groups which is different than 
melamine; and 

(i-2e) optionally, at least one amine having two primary 
and/or secondary amino groups. 

22. The curative according to claim 21, wherein compo 
nent (i-1) is urea or at least one substituted urea of the formula 
RRN C(=O) NRR, in which R', R, R, and Rinde 
pendently of one another are selected from hydrogen, C-C2 
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alkyl, aryl, and aryl-C-C-alkyl, with at least one of the 
radicals R. R. R. and R not being hydrogen; or R' and R' 
and/or RandR each together are C-Cs-alkylene, with one 
methylene group optionally being replaced by a carbonyl 
group; or R' and R together are C-Cs-alkylene, with one 
methylene group optionally being replaced by a carbonyl 
group; or R' and Rand/or Rand R', in each case together 
with the nitrogen atom to which they are attached, form a 5 
or 6-membered unsaturated aromatic or nonaromatic ring 
which may further comprise one or two further nitrogen 
atoms or a Sulfur atom or oxygen atom as the ring member. 

23. The curative according to claim 21, wherein compo 
nent (i-1) is at least one carbonic ester of the formula R'' 
O CO. O. R', in which R'' and R' independently are 
selected from C-C2-alkyl, aryl, and aryl-C, C-alkyl, or R' 
and R' together are C-C-alkylene. 

24. The curative according to claim 21, wherein compo 
nent (i-1) guanidine or at least one Substituted guanidine of 
the formula RR'N C(=NR'') NR'R'', in which 
RR', R'', R', and R' independently are selected from the 
group consisting of hydrogen, C-C2-alkyl, aryl, and aryl 
C-C-alkyl, with at least one of the radicals R. R', R', R', 
and R'not being hydrogen; or RandR'' and/or R'' and R' 
each together are C-C-alkylene, with one methylene group 
optionally being replaced by a carbonyl group; or Rand R' 
together are C-C-alkylene, with one methylene group 
optionally being replaced by and a carbonyl group; or Rand 
R'' and/or R'' and R', in each case together with the nitro 
genatom to which they are attached, form a 5- or 6-membered 
unsaturated aromatic or nonaromatic ring which may further 
comprise one or two further nitrogenatoms or one Sulfur atom 
or oxygen atom as ring member. 

25. The curative according to claim 21, wherein said at 
least one amine of component (i-2d) is selected from amines 
of the formula I.a and amines of the formula II 
wherein 

NHR-A-NHR (I.a) 

in which 
A' is a divalent radical of the formula 

-EB X', B-: 
in which 
each X* independently is O or NR", with at least oneX' in 

the compound I.a being NR', in which R' is H, C-C- 
alkyl, C-C-hydroxyalkyl or C-C-alkoxy, with at 
least one radical R' being H: 

each B' independently is Ca-Ca-alkylene; and 
m" is a number from 1 to 20; and 
R'' and R' independently of one another are H, C-C- 

alkyl, C-C-hydroxyalkyl or C-C-alkoxy; 
amines of the formula II 

(II) 
E-NHRd 

RHN-E 

E2 
W 
NHRé 
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in which 
Y is CR, N, C-C-alkyl, C-C-cycloalkyl, phenyl or a 5 

or 6-membered, saturated, partly unsaturated or aro 
matic heterocyclic ring having 1, 2 or 3 heteroatoms as 
ring members which are selected from the group con 
sisting of N, O, and S; 

E. E. and E independently of one another are a single 
bond, C1-Co-alkylene, NR'-C-Cio-alkylene or 
O-C-Cio-alkylene, with the proviso that E. E. and E. 
are not a single bond and not - NR" Ca-Cio-alkylene 
ifY is N: 

R", R and Rindependently of one another are H, C-C- 
alkyl, C-C-hydroxyalkyl or C-C-alkoxy; and 

RandR' independently of one another are H, C, -Ca-alkyl, 
C-C-hydroxyalkyl or C-C-alkoxy. 

26. The curative according to claim 21, wherein said at 
least one amine of component (i-2e) is selected from amines 
of the formula I 

NHR-A-NHR (I) 

in which 
A is a divalent aliphatic, alicyclic, aliphatic-alicyclic, aro 

matic or araliphatic radical, with the aforementioned 
radicals also possibly being interrupted by a carbonyl 
group or by a Sulfone group and/or possibly Substituted 
by 1, 2, 3 or 4 radicals selected from C-C-alkyl; or is a 
divalent radical of the formula 

in which 
each X independently is O or NR, in which R is H, 

C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy; 
each Bindependently is C-C-alkylene; and 
m is a number from 1 to 100; and 
RandR independently of one another are H, C-C-alkyl, 

C-C-hydroxyalkyl or C-C-alkoxy, with the proviso 
that R is not H. 

27. The curative according to claim 1, wherein the highly 
branched polymers (ii) are obtained by a process comprising 
condensing 

(ii-1a) at least one amine having at least three primary 
and/or secondary amino groups; and 

(ii-1b) at least one amine having at least two primary and/or 
secondary amino groups. 

28. The curative according to claim 27, wherein the highly 
branched polymers (ii) are obtained by a process comprising 
condensing 

(ii-laa) melamine; 
(ii-1b) at least one amine having at least two primary and/or 

secondary amino groups; and 
(ii-c) optionally, at least one amine having one primary 
amino group. 

29. The curative according to claim 27, wherein said at 
least one amine having at least two primary and/or secondary 
amino groups, of component (i-1b), is selected from amines 
of the formula I 

NHR-A-NHR (I) 

in which A is a divalent aliphatic, alicyclic, aliphatic-ali 
cyclic, aromatic or araliphatic radical, with the afore 
mentioned radicals also possibly being interrupted by a 
carbonyl group or by a Sulfone group and/or possibly 
substituted by 1, 2, 3 or 4 radicals selected from C-C- 
alkyl; or is a divalent radical of the formula 
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in which 

each X independently is O or NR, in which R is H. 
C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy: 

each B independently is C-C-alkylene; and 
m is a number from 1 to 100; and 
RandR independently of one another are H.C-C-alkyl, 
C-C-hydroxyalkyl or C-C-alkoxy. 

30. The curative according to claim 27, wherein compo 
nent (ii-1a) comprises no melamine. 

31. The curative according to claim 1, wherein component 
(V-1) is urea or at least one substituted urea of the formula 
R'RN C(=O) NRR, in which R', R, R, and Rinde 
pendently of one another are selected from hydrogen, C-C- 
alkyl, aryl, and aryl-C-C-alkyl, with at least one of the 
radicals R', R. R. and R'not being hydrogen; or R' and R' 
and/or RandR each together are C-C-alkylene, with one 
methylene group optionally being replaced by a carbonyl 
group; or R' and R together are C-Cs-alkylene, with one 
methylene group optionally being replaced by a carbonyl 
group; or R' and Rand/or Rand R', in each case together 
with the nitrogen atom to which they are attached, form a 5 
or 6-membered unsaturated aromatic or nonaromatic ring 
which may further comprise one or two further nitrogen 
atoms or a Sulfur atom or oxygen atom as ring member. 

32. The curative according to claim 31, wherein compo 
nent (V-2) is at least one amine having at least three primary 
and/or secondary amino groups. 

33. The curative according to claim 1, wherein said at least 
one amine having at least two primary and/or secondary 
amino groups, of component (vi-2), is selected from amines 
of the formula I 

NHR-A-NHR (I) 

in which A is a divalent aliphatic, alicyclic, aliphatic-ali 
cyclic, aromatic or araliphatic radical, with the afore 
mentioned radicals also possibly being interrupted by a 
carbonyl group or by a Sulfone group and/or possibly 
substituted by 1, 2, 3 or 4 radicals selected from C-C- 
alkyl; or is a divalent radical of the formula 
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in which 
each X independently is O or NR, in which R is H, 

C-C-alkyl, C-C-hydroxyalkyl or C-C-alkoxy: 
each B independently is C-C-alkylene; and 
m is a number from 1 to 100; and 
R" and Rindependently of one another are H, C, -Ca-alkyl, 

C-C-hydroxyalkyl or C-C-alkoxy. 
34. A composition comprising 
(a) at least one condensation product as defined in claim 1: 
(b) at least one epoxy resin which is in uncured or part 

cured form; and 
(c) optionally, at least one conventional epoxy resin cura 

tive. 
35. The composition according to claim 34, wherein the 

components are in amounts such that the ratio of the number 
of all the reactive groups of the curatives (a) and (c) to the 
number of all of the epoxide groups in the epoxy resin (b) is 
2:1 to 1:2. 

36. A prepreg comprising the composition according to 
claim 34. 

37. A cured epoxy resin obtained by a process comprising 
curing uncured or part-cured epoxy resin with a condensation 
product as defined in claim 1 and, optionally, at least one 
conventional epoxy resin curative. 

38. The cured epoxy resin according to claim 37, compris 
ing a reinforcing material. 

39. The cured epoxy resin according to claim 38, the rein 
forcing material being selected from a glass fiber, a graphite 
fiber, a carbon fiber, and a polyaramid fiber. 

40. The cured epoxy resin according to claim 39, wherein 
the cured epoxy resin is a laminate. 

41. The cured epoxy resin according to claim 37, compris 
ing a filler. 

42. The cured epoxy resin of claim 41, wherein the filler is 
a mineral or a finely divided wood. 

43. A method of curing an epoxy resin by admixing an 
uncured or part-cured epoxy resin with at least one conden 
sation product as defined in claim 1, optionally, with at least 
one conventional epoxy resin curative and bringing the result 
ing mixture to a temperature of 5 to 150° C. or subjecting it to 
microwave radiation. 

44. A cured epoxy resin obtained by a process comprising 
curing a composition according to claim 34. 

45. A cured epoxy resin obtained by a process comprising 
curing a prepreg according to claim 36. 
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