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(57) ABSTRACT 

The present invention provides a layered composite, Which 
includes the following layers: 

(I) a layer I composition including: 

(a) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including PA6, 
PA66, PA6/66 and mixtures thereof; 

(b) from 0 to 100 parts by Weight of at least one 
polyamine-polyamide copolymer that includes the 
following monomer units; 

(or) from 0.5 to 25% by Weight, based on the 
Weight of the polyamine-polyamide copolymer, 
of at least on polyamine, having at least 4 
nitrogen atoms and having a number-average 
molar mass MD of at least 146 g/mol, and 

([3) at least one polyamide-forming monomer 
selected from the group including lactam, 
oo-aminocarboxylic acid, equimolar combina 
tion of diamine and dicarboxylic acid, and 
mixtures thereof; and 

(c) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including 
PA11, PA12, PA612, PA1012, PA1212 and mix 
tures thereof; 

Wherein, in the layer I, a total of the parts by 
Weight of (a), (b) and (c) is 100; 

Wherein Within an entirety of (a) and (b), at least 
20 parts by Weight of the entirety include 
monomer units selected from the group 
including caprolactam, combination of hex 
amethylenediamine/adipic acid, and mix 
tures thereof; and 

Wherein Within an entirety of (b) and (c), at least 
20 parts by Weight of the entirety include 
monomer units selected from the group 
including oo-aminoundecanoic acid, laurolac 
tam, combination of hexamethylenediamine/ 
1,12-dodecanedioic acid, combination of 
1,10-decanediamine/1,12-dodecanedioic 
acid, combination of 1,12-dodecanediamine/ 
1,12-dodecanedioic acid, and mixtures 
thereof; and 

(II) a layer II composition Which includes at least one 
ethylene-vinyl alcohol copolymer. 
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COMPOSITE HAVING TWO OR MORE LAYERS, 
INCLUDING AN EVOH LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a composite having tWo or 
more layers and including a barrier layer made from EVOH, 
and also including a layer made from a molding composition 
Which includes a polyamide blend. The invention further 
relates to a molding composition of this type Which includes 
a polyamide copolymer. 

[0003] 2. Discussion of the Background 

[0004] When composites having tWo or more layers are 
developed, for example, for use as a tube for carrying liquid 
or gaseous media in motor vehicles, the molding composi 
tions must have suf?cient chemical resistance to the media 
to be carried, and the tubes must meet all the mechanical 
requirements placed upon them, even after long exposure to 
fuels, oils or heat. In addition to meeting the requirement for 
adequate fuel resistance, the automotive industry demands 
improved barrier action from fuel piping, in order to reduce 
emissions of hydrocarbons Within the environment. This has 
led to the development of tube systems having tWo or more 
layers, for example using EVOH as barrier layer material. 
HoWever, EVOH is incompatible With PA11, PA12, PA612, 
PA1012 and PA1212, Which can be used for the outer layer 
since they have good mechanical properties, good Water 
absorption performance, and loW susceptibility to environ 
mental effects. It is therefore impossible to obtain the 
adhesion betWeen the tWo layers that is indispensable for the 
application. 

[0005] HoWever, EVOH is compatible With PA6, PA66, 
PA6/66, and With maleic-anhydride-functionaliZed polyole 
?ns. Molding compositions based on polymers of this type 
are, hoWever, unsuitable as outer layer material. 

[0006] DE-C 40 01 125 describes a motor vehicle pipeline 
composed of a tubular outer layer made from PA11 or PA12, 
an intermediate layer made from PA6, a barrier layer made 
from EVOH, and an inner layer made from PA6. A thin 
adhesion-promoter layer made from polyethylene or 
polypropylene, these being functionaliZed With maleic anhy 
dride, is arranged betWeen the outer layer and the interme 
diate layer. 

[0007] A similar system is described in DE-C 40 01 126, 
Where the motor vehicle pipeline is composed of a tubular 
outer layer made from PA11 or PA12, of a barrier layer made 
from EVOH, and of an adhesion-promoter layer situated 
betWeen these and made from polyethylene or polypropy 
lene, these being maleic-anhydride-functionaliZed. 

[0008] HoWever, the automotive industry has for some 
time required increased stability at relatively high tempera 
ture. This excludes solutions Which include a polyole?n 
layer, since these have loW heat resistance. 

[0009] It has also been found that prolonged contact With 
aqueous liquids or alcohol-containing fuel, in particular With 
heat, rapidly reduces the layer adhesion betWeen function 
aliZed polyole?n and polyamide, and this adhesion ?nally 
falls to values Which are unacceptable in industry. The cause 
of this is thought to be alcoholysis or hydrolysis reactions. 
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SUMMARY OF THE INVENTION 

[0010] One object of the present invention is to provide a 
composite having tWo or more layers in Which all of the 
layers of the composite have adequate heat resistance. 

[0011] Another object of the present invention is to pro 
vide a composite having tWo or more layers, Which includes 
an EVOH barrier layer, and in Which layers have adequate 
heat resistance. 

[0012] Another object of the present invention is to 
achieve secure bonding of an EVOH barrier layer to a layer 
composed of a molding composition based on PA11, PA12, 
PA612, PA1012 or PA1212, Without any use of a polyole?n 
layer as an adhesion promoter. 

[0013] Another object of the present invention is to pro 
vide a composite having tWo or more layers, Which includes 
an EVOH layer, and in Which the layer adhesion in the 
composite is substantially retained even after prolonged 
contact With alcohol-containing or aqueous media, With 
heat. 

[0014] These and other objects have been achieved With 
the present invention, the ?rst embodiment of Which pro 
vides a layered composite, Which includes the folloWing 
layers: 

[0015] (I) a layer I composition including: 

[0016] (a) from 0 to 80 parts by Weight of at least 
one polyamide selected from the group including 
PA6, PA66, PA6/66 and mixtures thereof; 

[0017] (b) from 0 to 100 parts by Weight of at least 
one polyamine-polyamide copolymer that 
includes the folloWing monomer units; 

[0018] (0t) from 0.5 to 25% by Weight, based on 
the Weight of the polyamine-polyamide copoly 
mer, of at least one polyamine having at least 4 
nitrogen atoms and having a number-average 
molar mass MD of at least 146 g/mol, and 

[0019] at least one polyamide-forming 
monomer selected from the group including 
lactam, uu-aminocarboxylic acid, equimolar 
combination of diamine and dicarboxylic acid, 
and mixtures thereof; and 

[0020] (c) from 0 to 80 parts by Weight of at least 
one polyamide selected from the group including 
PA11, PA12, PA612, PA1012, PA1212 and mix 
tures thereof; 

[0021] Wherein, in the layer I, a total of the parts 
by Weight of (a), (b) and (c) is 100; 

[0022] Wherein Within an entirety of (a) and (b), 
at least 20 parts by Weight of the entirety 
include monomer units selected from the group 
including caprolactam, combination of hexam 
ethylenediamine/adipic acid, and mixtures 
thereof; and 

[0023] Wherein Within an entirety of (b) and (c), 
at least 20 parts by Weight of said entirety 
include monomer units selected from the group 
including uu-aminoundecanoic acid, laurolac 
tam, combination of hexamethylenediamine/l, 
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12-dodecanedioic acid, combination of 1,10 
decanediamine/l,12-dodecanedioic acid, 
combination of 1,12-dodecanediamine/1,12 
dodecanedioic acid, and mixtures thereof; and 

[0024] (II) a layer II composition Which includes at 
least one ethylene-vinyl alcohol copolymer. 

[0025] Another embodiment of the present invention pro 
vides a method for preparing the above-mentioned compos 
ite, Which includes at least one selected from the group 
including multicomponent injection molding, coextrusion, 
and coextrusion bloW molding at least one of the layers I, II, 
or both. 

[0026] Another embodiment of the present invention pro 
vides a molding composition, Which includes the folloWing 
components: 

[0027] (a) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including PA6, 
PA66, PA6/66 and mixtures thereof; 

[0028] (b) from 0.5 to 100 parts by Weight of at least 
one polyamine-polyamide copolymer Which 
includes the folloWing monomer units; 

[0029] (0t) from 0.5 to 25% by Weight, based on 
the Weight of the polyamine-polyamide copoly 
mer, of at least one polyamine having at least 4 
nitrogen atoms and having a number-average 
molar mass MD of at least 146 g/mol, and 

[0030] at least one polyamide-forming mono 
mer selected from the group including lactam, 
uu-aminocarboxylic acid, equimolar combination 
of diamine and dicarboxylic acid, and mixtures 
thereof; and 

[0031] (c) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including PA11, 
PA12, PA612, PA1012, PA1212 and mixtures 
thereof; 

[0032] Wherein, a total of the parts by Weight of 
(a), (b) and (c) is 100; 

[0033] Wherein Within an entirety of (a) and (b), 
at least 20 parts by Weight of the entirety 
include monomer units selected from the group 
including caprolactam, combination of hexam 
ethylenediamine/adipic acid, and mixtures 
thereof; and 

[0034] Wherein Within an entirety of (b) and (c), 
at least 20 parts by Weight of said entirety 
include monomer units selected from the group 
including uu-aminoundecanoic acid, laurolac 
tam, combination of hexamethylenediamine/l, 
12-dodecanedioic acid, combination of 1,10 
decanediamine/l,12-dodecanedioic acid, 
combination of 1,12-dodecanediamine/1,12 
dodecanedioic acid, and mixtures thereof. 

[0035] Another embodiment of the present invention pro 
vides a molding composition, Which includes the folloWing 
components: 

[0036] (a) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including PA6, 
PA66, PA6/66 and mixtures thereof; 
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[0037] (b) from 0 to 100 parts by Weight of at least 
one polyamine-polyamide copolymer Which 
includes the folloWing monomer units; 

[0038] (0t) from 0.5 to 25% by Weight, based on 
the polyamine-polyamide copolymer, of a 
polyamine having at least 4 nitrogen atoms and 
having a number-average molar mass MD of at 
least 146 g/mol, and 

[0039] at least one polyamide-forming mono 
mer selected from the group including lactam, 
uu-aminocarboxylic acid, equimolar combination 
of diamine and dicarboxylic acid, and mixtures 
thereof; and 

[0040] (c) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group including PA11, 
PA12, PA612, PA1012, PA1212 and mixtures 
thereof; 

[0041] Wherein a total of the parts by Weight of (a), 
(b) and (c) is 100; 

[0042] Wherein Within an entirety of (a) and (b), at 
least 20 parts by Weight of the entirety include 
monomer units selected from the group including 
caprolactam, combination of hexamethylenedi 
amine/adipic acid, and mixtures thereof; 

[0043] Wherein Within an entirety of (b) and (c), at 
least 20 parts by Weight of said entirety include 
monomer units selected from the group including 
uu-aminoundecanoic acid, laurolactam, combina 
tion of hexamethylenediamine/l,12-dode 
canedioic acid, combination of 1,10-decanedi 
amine/1,12-dodecanedioic acid, combination of 
1,12-dodecanediamine/1,12-dodecanedioic acid, 
and mixtures thereof; and 

[0044] Wherein the molding composition includes 
at least one block copolymer Which includes (a) 
and (c) monomer units. 

[0045] Another embodiment of the present invention pro 
vides a tubular article selected from the group including fuel 
pipe, brake-?uid pipe, coolant pipe, hydraulic-?uid pipe, 
fuel-pump pipe, air-conditioner pipe, and a vapor line, Which 
includes one or more of the above-mentioned composites 
and/or compositions. 

[0046] Another embodiment of the present invention pro 
vides an article selected from the group including a con 
tainer, fuel container, ?ller pipe, and ?ller pipe for a tank, 
Which includes one or more of the above-mentioned com 

posites and/or compositions. 

[0047] Another embodiment of the present invention pro 
vides a ?lm, Which includes one or more of the above 
mentioned composites and/or compositions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Various other objects, features and attendant 
advantages of the present invention Will be more fully 
appreciated as the same becomes better understood from the 
folloWing detailed description of the preferred embodiments 
of the invention. 
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[0049] Preferably, the present invention provides a com 
posite having tWo or more layers and including the folloW 
ing layers: 

[0050] I. a layer I made from a molding composition 
Which includes the folloWing components: 

[0051] a) from 0 to 80 parts by Weight of a polya 
mide selected from PA6, PA66, PA6/66 and mix 
tures of these, 

[0052] b) from 0 to 100 parts by Weight of a 
polyamine-polyamide copolymer and 

[0053] c) from 0 to 80 parts by Weight of a polya 
mide selected from PA11, PA12, PA612, PA1012, 
PA1212 and mixtures of these, Where the total of 
the parts by Weight of components a), b) and c) is 
100, and Where in addition 

[0054] Within the entirety of a) and b), at least 20 
parts by Weight are composed of monomer units 
Which derive from caprolactam and/or from the 
combination hexamethylenediamine/adipic acid, 
and 

[0055] Within the entirety of components b) and c), 
at least 20 parts by Weight are composed of 
monomer units selected from the (n-aminounde 
canoic acid, laurolactam, the combination hexam 
ethylenediamine/1,12-dodecanedioic acid, the 
combination 1,10-decanediamine/1,12-dode 
canedioic acid, and/or the combination 1,12-dode 
canediamine/1,12-dodecanedioic acid, and 

[0056] II. a layer II made from a molding composi 
tion Which includes an ethylene-vinyl alcohol 
copolymer (EVOH). 

[0057] The term, “PA” used herein is knoWn in the art and 
is interchangeable With the term, “nylon”. 

[0058] Preferably, the layered composite of the present 
invention does not include a polyole?n layer as an adhesion 
promoter. 

[0059] The molding composition of layer I preferably 
includes at least 0.5 part by Weight, particularly preferably 
at least 10 parts by Weight, With particular preference at least 
20 parts by Weight, and very particularly preferably at least 
30 parts by Weight, of component a), the upper limit pref 
erably being 70 part by Weight, and particularly preferably 
60 parts by Weight. These ranges include all values and 
subranges therebetWeen, including 0.9, 1, 2, 5, 15, 25, 35, 
45, 55, 65, 67, and 69 parts by Weight. 

[0060] The molding composition of layer I preferably 
includes at least 0.5 part by Weight, particularly preferably 
at least 2 parts by Weight With particular preference at least 
5 parts by Weight, and very particularly preferably at least 10 
parts by Weight, of component b), the upper limit preferably 
being 80 parts by Weight, and particularly preferably 60 
parts by Weight, With particular preferance 40 parts by 
Weight. The corresponding molding compositions are like 
Wise provided by the invention. These ranges include all 
values and subranges therebetWeen, including 0.9, 1, 3, 4, 6, 
15, 25, 35, 45, 55, 65, 75, 77 and 79 parts by Weight. 

[0061] The molding composition of layer I preferably 
includes at least 0.5 part by Weight, particularly preferably 
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at least 10 parts by Weight, With particular preference at least 
20 parts by Weight, and very particularly preferably at least 
30 parts by Weight, of component a), the upper limit pref 
erably being 70 parts by Weight, and particularly preferably 
60 parts by Weight. These ranges include all values and 
subranges therebetWeen, including 0.9, 1, 2, 5, 15, 25, 35, 
45, 55, 65, 67, and 69 parts by Weight. 

[0062] In a preferred ?rst embodiment, the composite 
having tWo or more layers is composed of these tWo layers, 
I and II. 

[0063] In another preferred, second, embodiment a layer 
made from a molding composition based on PA11, PA12, 
PA612, PA1012, and/or PA1212 is adjacent to layer I. 

[0064] In a third preferred embodiment there is a layer 
made from a molding composition based on PA6, PA66, 
and/or PA6/66 betWeen layer I and layer II. On the other side 
of the composite, i.e. adjacent to the layer II, there may, if 
desired, be one or more layers made from any desired 
molding composition Which adheres to II. 

[0065] In a fourth preferred embodiment there is again a 
layer I on the other side of the composite. Another layer may 
also folloW, made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212. Mixtures are 
possible. 

[0066] In a ?fth preferred embodiment there is a layer 
made from a molding composition based on PA6, PA66, 
and/or PA6/66 on the other side of the composite, i.e. 
adjacent to the layer II. 

[0067] In a sixth preferred embodiment at least one of the 
layers of the composite has been rendered electrically con 
ductive in order to dissipate electrostatic charges generated 
by a moving medium. This is preferably the layer directly in 
contact With the moving medium. 

[0068] In a seventh preferred embodiment there is another 
layer Which has been rendered electrically conductive, 
?rmly adhering to the layers of the composite. 

[0069] In an eighth preferred embodiment the composite 
having tWo or more layers also includes a regrind layer. 
When composites of the invention are produced, Waste 
constantly arises, for example from the start-up procedure on 
the extrusion plant, or in the form of ?ash during extrusion 
bloW molding, or during ?nishing processes on tubes. There 
may be a regrind layer made from these Wastes embedded, 
for example, betWeen layer I and an outer layer made from 
a molding composition based on PA11, PA12, PA612, 
PA1012 or PA1212. Mixtures are possible. It is preferable in 
principle for the regrind layer to be embedded betWeen tWo 
layers composed of molding compositions based on polya 
mide, since this can compensate for any possible brittleness 
of the regrind blend. 

[0070] These and other embodiments may be combined 
With one another in any desired manner. 

[0071] Some preferred layer con?gurations are listed 
beloW by Way of example, and are not meant to be limiting 
unless otherWise speci?ed. 
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Con?guration Layer sequence 

1 a) layer I 
b) layer II 

2 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer II 

3 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer made from a molding composition based on 
PA6, PA66, and/orPA6/66 
d) layer II 

4 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer II 
d) layer made from a molding composition based on 
PA6, PA66, and/or PA6/66 

5 a) layer I 
b) layer II 
c) layer I 

6 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer II 
d) layer I 

7 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer II 
d) layer I 
e) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/Or PA1212 

8 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) regrind layer 
c) layer I 
d) layer II 
e) layer made from a molding composition based on 
PA6, PA66, and/or PA6/66 

9 a) layer made from a molding composition based on 
PA11, PA12, PA612, PA1012, and/or PA1212 
b) layer I 
c) layer II 
d) layer made from a molding composition based on 
PA6, PA66, and/or PA6/66 
e) regrind layer 
f) layer made from a molding composition based on 
PA6, PA66, and/or PA6/66 

[0072] Firm layer adhesion is achieved in all of these 
cases. 

[0073] If the composite having tWo or more layers is a 
holloW article or holloW pro?le, it is preferable for the 
arrangement to have layer II inside a layer I. 

[0074] In the simplest case, layer I is a blend made from 
components a) and c). Since these polymers are substantially 
incompatible With one another, preparation of the blend at 
conventional processing temperatures Which gives a physi 
cal mixture only gives adequate compatibiliZation in a 
relatively narroW compositional range. Better results are 
obtained if the polyamide blend is prepared under conditions 
under Which the tWo polyamides react With one another to 
some extent via the terminal groups or via transamidation 
reactions, to give block copolymers. The temperatures 
needed for this are generally above 250° C., preferably 
above 280° C., and particularly preferably above 300° C., 
and the presence of catalysts, such as hypophosphorous acid, 
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dibutyltin oxide, triphenylphosphine, or phosphoric acid, is 
required Where appropriate. It is also possible to start from 
a polyamide blend initially prepared under conventional 
processing conditions and then subject this to solid-phase 
postcondensation under conditions usual for polyamides, 
generally at temperatures of from 140° C. to about 5 K 
beloW the crystalline melting point Tm, preferably at tem 
peratures of from 150° C. to about 10 K beloW Tm, using 
reaction times of from 2 to 48 hours, preferably from 4 to 36 
hours, and particularly preferably from 6 to 24 hours. It is 
particularly advantageous for one of the polyamides to 
contain an excess of amino end groups and for the other 
polyamide to contain an excess of carboxyl end groups. 
Finally, components a) and c) may also be linked by adding 
a reactive compound Which preferably links the polyamide 
end groups to one another, for example a bisoxaZoline, 
biscarbodiimide, bisanhydride, diisocyanate, or correspond 
ing compounds having three or more functional groups. 

[0075] Another preferable Way of making components a) 
and c) compatible With one another is to add an effective 
amount of component b). 

[0076] PA6 is prepared by ring-opening polymerization of 
caprolactam. 

[0077] PA66 is prepared by polycondensation of hexam 
ethylenediamine and adipic acid. Exactly as With PA6, there 
is a Wide variety of commercially available grades. 

[0078] PA6/66 is a copolycondensate based on the mono 
mers caprolactam, hexamethylendiamine, and adipic acid. 

[0079] The polyamine-polyamide copolymer is prepared 
using the folloWing monomers: 

[0080] a) from 0.5 to 25% by Weight, preferably from 1 to 
20% by Weight, and particularly preferably from 1.5 to 16% 
by Weight, based on the polyamine-polyamide copolymer, of 
a polyamine having at least 4, preferably at least 8, and 
particularly preferably at least 11, nitrogen atoms and having 
a number-average molar mass MD of at least 146 g/mol, 
preferably at least 500 g/mol, and particularly preferably at 
least 800 g/mol, and 

[0081] b) polyamide-forming monomers selected from 
lactams, uu-aminocarboxylic acids, and/or equimolar com 
binations of diamine and dicarboxylic acid. 

[0082] The ranges given above for (a) each independently 
include all values and subranges therebetWeen, including 
0.9, 2, 3, 4, 5, 10, 15, 17, 22 and 24% by Weight, based on 
the polyamine-polyamide copolymer, of the polyamine; 5, 6, 
7, 9, 10, 12, 14, and 16 nitrogen atoms; and 147, 148, 150, 
200, 225, 250, 300, 400, 525, 600, 700, 900, and 1000 g/mol. 

[0083] In one preferred embodiment the amino group 
concentration in the polyamine-polyamide copolymer is in 
the range from 100 to 2500 mmol/kg. 

[0084] Preferred examples of the classes of substances 
Which may be used as polyamine are: 

[0085] polyvinylamines (Rompp’s Chemical Encyclope 
dia, 9the edition, Volume 6, p. 4921, Georg Thieme Verlag 
Stuttgart 1992); 
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[0086] polyamines prepared from alternating polyketones 
(DE-A 196 54 058); 

[0087] dendrimers, such as 

N((CH2)2—N((CH2)3-NH2)2)2 

[0088] (DE-A-196 54 179), or tris(2-aminoethyl)amine, 
N,N-bis(2-aminoethyl)-N‘,N‘-bis(2-(2-aminoethyl)amino 
)ethyl)-1,2-ethanediamine, 3,15-bis(2-aminoethyl)-6,12 
bis(2-(bis(2-aminoethyl)amino)ethyl-9(bis(2-bis(2-amino 
ethyl)amino)ethyl)amino)ethyl)-3,6,9,12,15 
pentaaZaheptadecane-1,17-diamine (J. M. Watakomski, 
Chem. Mat. 1992, 4, 1000-1004); 

[0089] linear polyethyleneimines Which can be prepared 
by polymerizing 4,5-dihydro-1,3-oXaZoles, followed by 
hydrolysis (Houbon-Weyl, Methoden der Organischen Che 
mie (Methods of Organic Chemistry), Volume E20, pp. 
1482-1487, Georg Thieme Verlag Stuttgart, 1987); 

[0090] branched polyethyleneimines obtainable by poly 
meriZing aZiridines (Houben-Weyl, Methoden der Organis 
chen Chemie (Methods of Organic Chemistry), Volume E20, 
pp. 1482-1487, Georg Thieme Verlag Stuttgart, 1987) and 
generally having the folloWing distribution amino groups: 

[0091] from 25 to 46% of primary amino groups, 

[0092] from 30 to 45% of secondary amino groups, and 

[0093] from 16 to 40% of tertiary amino groups. The 
entire contents of each of the above-mentioned references 
are hereby incorporated by reference. 

[0094] In the preferred case, the polyamine has a number 
average molar mass MD of not more than 20,000 g/mol, 
particularly preferably not more than 10,000 g/mol, and With 
particular preference not more than 5,000 g/mol. These 
ranges include all values and subranges therebetWeen, 
including 5,500, 7,500, 8,000, 9,000, 11,000, 14,000, 
16,000, and 18,000 g/mol. 

[0095] Lactams and, respectively, uu-aminocarboXylic 
acids Which may be used as polyamide-forming monomers 
contain from 4 to 19 carbon atoms, in particular from 6 to 
12 carbon atoms. These ranges include all values and 
subranges therebetWeen, including 5, 7, 8, 9, 10, 11, 13 14, 
15, 16, 17 and 18 carbon atoms. Particular preference is 
given to the use of e-caprolactam, e-aminocaproic acid, 
capryllactam, uu-aminocaprylic acid, laurolactam, uu-amin 
ododecanoic acid, and/or uu-aminoundecanoic acid. MiX 
tures are possible. 

[0096] Preferred examples of combinations of diamine 
and dicarboXylic acid are heXamethylenediamine/adipic 
acid, heXamethylenediamine/dodecanedioic acid, octameth 
ylenediamine/sebacic acid, decamethylenediamine/sebacic 
aid, decamethylenediamine/dodecanedioic acid, dodecam 
ethylenediamine/dodecanedioic acid, and dodecamethylene 
diamine/2,6-naphthalenedicarboXylic acid. HoWever, 
besides these it is also possible to use any other combination, 
such as decamethylenediamine/dodecanedioic acid/tereph 
thalic acid, heXamethylenediamine/adipic acid/terephthalic 
acid, heXamethylenediamine/adipic acid/caprolactam, deca 
methylenediamine/dodecanedioic acid/uu-aminoundecanoic 
acid, decamethylenediamine/dodecanedioic acid/laurolac 
tam, decamethylenediamine/terephthalic acid/laurolactam, 
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or dodecamethylenediamine/2,6-naphthalenedicarboXylic 
acid/laurolactam. Mixtures are possible. 

[0097] In one preferred embodiment, the polyamine 
polyamide copolymer is prepared With the additional use of 
an oligocarboXylic acid selected among from 0.015 to about 
3 mol % of dicarboXylic acid and from 0.01 to about 1.2 mol 
% of tricarboXylic acid, based in each case on the entirety of 
the polyamide-forming monomers left over. When the 
equivalent combination of diamine and dicarboXylic acid is 
used, calculation for these proportions includes each of these 
monomers individually. If use is made of a dicarboXylic 
acid, it is preferable to use from 0.03 to 2.2 mol %, 
particularly preferably from 0.5 to 1.5 mol %, very particu 
larly preferably from 0.1 to 1 mol %, and in particular from 
0.15 to 0.65 mol %. If use is made of a tricarboXylic acid, 
it is preferable to use from 0.02 to 0.9 mol %, particularly 
preferably from 0.025 to 0.6 mol %, very particularly 
preferably from 0.3 to 0.4 mol %, and in particular from 0.04 
to 0.25 mol %. The concomitant use of the oligocarboXylic 
acid markedly improves resistance to solvents and to fuel, in 
particular resistance to hydrolysis and alcoholysis. 

[0098] The oligocarboXylic acid used may be any desired 
di- or tricarboXylic acid having from 6 to 24 carbon atoms, 
for eXample adipic acid, suberic acid, aZelaic acid, sebacic 
acid, dodecanedioic acid, isophthalic acid, 2,6-naphthalene 
dicarboXylic acid, cycloheXane-1,4-dicarboXylic acid, tri 
mesic acid, and/or trimellitic acid, The above range includes 
all values and subranges therebetWeen, including 7, 8, 9, 10, 
12, 14, 16, 18, 20, 22 and 23 carbon atoms. 

[0099] Regulators Which may also be used, if desired, are 
aliphatic, alicyclic, aromatic, aralkylic, and/or alkylaryl 
substituted monocarboXylic acids having from 3 to 50 
carbon atoms, for eXample lauric acid, unsaturated fatty 
acids, acrylic acid, or benZoic acid. Use of these regulators 
can reduce the concentration of amino groups Without 
altering the form of the molecule. This method can also 
introduce functional groups, such as double or triple bonds, 
etc. HoWever, it is desirable for the polyamine-polyamide 
copolymer to have a substantial proportion of amino groups. 
The amino group concentration in the copolymer is prefer 
ably in the range from 150 to 1,500 mmol/kg, particularly 
preferably in the range from 250 to 1,300 mmol/kg, and very 
particularly preferably in the range from 300 to 1,100 
mmol/kg. Here, and beloW, the term “amino groups” 
includes not only amino end groups, but also any secondary 
or tertiary amine functions Which may be present in the 
polyamine. 
[0100] The makeup of the polyamide fraction Within the 
polyamine-polyamide copolymer may vary Within a very 
Wide range, since compatibility With the polyamides of 
components a) and c) is usually present, this apparently 
being determined by other factors. 

[0101] The polyamine-polyamide copolymers may be pre 
pared by a variety of processes. 

[0102] One Way is to charge the polyamide-forming 
monomers and the polyamine together and to carry out the 
polymeriZation and, respectively, the polycondensation. The 
oligocarboXylic acid may be added either at the start or 
during the course of the reaction. 

[0103] HoWever, a preferred process has tWo stages in 
Which ?rst the lactam cleavage and prepolymeriZation is 
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carried out in the presence of Water (an alternative being the 
direct use and prepolymeriZation of the corresponding 
uu-aminocarboxylic acids and, respectively, diamines and 
dicarboxylic acids). The polyamine is metered in the second 
step, and the oligocarboxylic acid Which may be used 
concomitantly, Where appropriate, is metered in during or 
after the prepolymeriZation. The pressure on the mixture is 
then reduced at temperatures of from 200 to 290° C., and 
polycondensation takes place in a stream of nitrogen or in 
vacuo. 

[0104] Another preferred process is hydrolytic degrada 
tion of a polyamide to give a prepolymer and simultaneous 
or subsequent reaction With the polyamine. The polyamides 
used are preferably those in Which the end-group difference 
is approximately Zero, or in Which the oligocarboxylic acid 
used concomitantly, Where appropriate, has previously been 
incorporated by polycondensation. HoWever, the oligocar 
boxylic acid may also be added at the start of, or during the 
course of the degradation reaction. 

[0105] These processes can prepare polyamides With an 
ultrahigh level of branching and With acid values beloW 40 
mmol/kg, preferably beloW 20 mmol/kg, and particularly 
preferably beloW 10 mmol/kg. Approximately complete 
conversion is achieved after as little as from one to ?ve 
hours of reaction time at temperatures of from 200° C. to 
290° C. 

[0106] If desired, a vacuum phase lasting a number of 
hours may be appended as another step of the process. This 
phase takes at least four hours, preferably at least six hours, 
and particularly preferably at least eight hours, at from 200 
to 290° C. After an induction period of a number of hours, 
an increase in melt viscosity is then observed, and this is 
likely to be attributable to a reaction of terminal amino 
groups With one another, With cleavage of ammonia and 
chain-linkage. This further increases the molecular Weight, 
and this is particularly advantageous for extrusion molding 
compositions. 

[0107] If there is a desire not to complete the reaction in 
the melt, solid-phase postcondensation of the polyamine 
polyamide copolymer according to knoWn methods is also 
possible. 

[0108] PA11 is prepared by polycondensation of (n-ami 
noundecanoic acid, While PA12 is obtained by ring-opening 
polymeriZation of laurolactam. A Wide variety of grades of 
both of these polymers is available commercially. 

[0109] PA612 is prepared in a knoWn manner by polycon 
densation of an equivalent mixture of hexamethylenedi 
amine and 1,12-dodecanedioic acid. For the purposes of the 
present invention, it is preferred When the requirement for 
heat resistance of the composite having tWo or more layers 
is particularly high, e.g., in applications in the engine 
compartment of motor vehicles. 

[0110] PA1012 is prepared by polycondensation of an 
equivalent mixture of 1,10-decanediamine and 1,12-dode 
canedioic acid, While PA1212 is obtained in the same Way 
from 1,12-decanediamine and 1,12-dodecanedioic acid. 

[0111] Mixtures of different polyamides may also be used 
here With advantage, e.g. PA12/PA1012 or PA12/PA1212. 
Mixtures of this type have particularly high loW-temperature 

Oct. 3, 2002 

impact strength. They are described by Way of example in 
EP-A-0 388 583, the entire contents of Which are hereby 
incorporated by reference. 

[0112] Preferably, if the composite having tWo or more 
layers is to be used as packaging for food or drink, it may 
be advantageous to use copolyamides instead of the 
homopolyamides in an outer layer in order to loWer the 
melting point and thus make the layer heat-sealable. AWide 
selection of suitable comonomers is available to the skilled 
Worker, e.g. caprolactam, laurolactam, or the equimolar 
combination of a C6-C12 diamine With a C6-C12 dicarboxylic 
acid. 

[0113] The polyamide molding compositions used may 
include not more than about 50% by Weight of additives 
selected from impact-modi?ed rubber and/or from conven 
tional auxiliaries and additives. This range includes all 
values and subranges therebetWeen, including 0, 2, 4, 6, 8, 
10, 15, 20, 25, 30, 35, 40, and 45% by Weight. 

[0114] Impact-modifying rubbers for polyamide molding 
compositions are knoWn. They contain functional groups 
Which stem from unsaturated functional compounds Which 
have either been incorporated into the main chain by poly 
meriZation or have been grafted onto the main chain. The 
most commonly used are EPM rubber and EPDM rubber, 
grated With maleic anhydride by a free-radical route. Rub 
bers of this type may also be used together With an unfunc 
tionaliZed polyole?n, e.g. isotactic polypropylene, as 
described in EP-A-0 683 210, the entire contents of Which 
are hereby incorporated by reference. 

[0115] The molding compositions may also include rela 
tively small amounts of auxiliaries or additives needed for 
establishing particular properties. Examples of these are 
plasticiZers, pigments or ?llers, such as carbon black, tita 
nium dioxide, Zinc sul?de, silicates or carbonates, process 
ing aids, such as Waxes, Zinc stearate or calcium stearate, 
?ame retardants, such as magnesium hydroxide, aluminum 
hydroxide, or melamine cyanurate, glass ?bers, antioxi 
dants, UV stabiliZers, and also additives Which give the 
product antistatic properties or electrical conductivity, e.g. 
carbon ?bers, graphite ?brils, stainless steel ?bers, or con 
ductivity black. Mixtures are possible. 

[0116] In a preferred embodiment the molding composi 
tions include from 1 to 25% by Weight of plasticiZer, 
particularly preferably from 2 to 20% by Weight, and With 
particular preference from 3 to 15% by Weight. These ranges 
include all values and subranges therebetWeen, including 5, 
6, 9, 10, 12, 14, 16, 19, 22 and 24% by Weight. 

[0117] PlasticiZers and their use in polyamides are knoWn. 
Preferred plasticiZers suitable for polyamides can be found 
in Gachter/Miiller, Kunststoffadditive (Plastics Additives), 
C, Hanser Verlag, 2nd edition, p. 296, the entire contents of 
Which are hereby incorporated by reference. 

[0118] Examples of conventional compounds suitable as 
plasticiZer are esters of p-hydroxybenZoic acid having from 
2 to 20 carbon atoms in the alcohol component, and amides 
of arylsulfonic acids having from 2 to 12 carbon atoms in the 
amine component, preferably amides of benZenesulfonic 
acid. 

[0119] Examples of plastiZiers Which may be used are 
ethyl p-hydroxybenZoate, octyl p-hydroxybenZoate, iso 
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hexadecyl p-hydroxybenZoate, N-n-octyltoluenesulfona 
mide, N-n-butylbenZenesulfonamide, and N-2-ethylhexyl 
benZenesulfonamide. 

[0120] EVOH has been known for a long time. It is a 
copolymer derived of ethylene and vinyl alcohol, and is also 
sometimes termed EVAL. The ethylene content in the 
copolymer is generally from 25 to 60 mol %, and in 
particular from 28 to 45 mol %, Which ranges include all 
values and subranges therebetWeen, including 30, 35, 40, 50, 
and 55 mol %. A Wide variety of grades is commercially 
available. Mention may be made, for example, of the 
Kuraray EVAL Europe company publication “Introduction 
to Kuraray EV TM Resins”, version 1.2/981, the entire 
contents of Which are hereby incorporated by reference. 

[0121] One embodiment of the composite of the invention, 
having tWo or more layers, is a tube, a ?ller pipe, or a 
container, in particular for conducting or storing liquids or 
gases. A tube of this type may be of straight or corrugated 
design, or may merely have corrugated sections. Corrugated 
tubes are knoWn and described in eg U.S. Pat. No. 5,460, 
771, the entire contents of Which are hereby incorporated by 
reference. Especially preferable applications of composites 
of this type having tWo or more layers are their use as fuel 
piping, as ?ller pipes for tanks, as vapor lines (i.e. piping 
Which conveys fuel vapors, e.g. ventilation piping), as 
fuel-pump piping, as coolant piping, as air-conditioner pip 
ing, or as fuel containers. 

[0122] The composite at the invention, having tWo or 
more layers, may also be a ?at composite, such as a ?lm, for 
example a ?lm for the packaging of food or drink, utiliZing 
the barrier action of the EVOH for gases, e.g. oxygen and 
carbon dioxide. 

[0123] When the composite of the invention, having tWo 
or more layers, is used for carrying or storing combustible 
liquids, gases or dusts, e.g. fuel or fuel vapors, it is prefer 
able for one of the layers of the composite, or an additional 
internal layer, to be rendered electrically conductive. This 
may be achieved by compounding With an electrically 
conductive additive by any of the knoWn methods. 
Examples of conductive additives Which may be used are 
conductivity black, metal ?akes, metal poWders, metalliZed 
glass beads, metalliZed glass ?bers, metal ?bers (such as 
those made from stainless steel), metalliZed Whiskers, car 
bon ?bers (including metalliZed carbon ?bers), intrinsically 
conductive polymers, or graphite ?brils. It is also possible to 
use mixtures of various conductive additives. 

[0124] In the preferred case, the electrically conductive 
layer is in direct contact With the medium to be conveyed or 
to be held, and its surface resistivity is not more than 109 
Q/square. The test method for determining resistance in 
pipes having tWo or more layers is explained in SAE J 2260 
(November 1996, paragraph 7.9), the entire contents of 
Which are hereby incorporated by reference. 

[0125] If the composite of the invention, having tWo or 
more layers, is designed as a holloW article or holloW pro?le 
(e.g. tube) this may also have an additional outer elastomer 
coating. Suitable materials for the outer coating process are 
either crosslinking rubber compositions or else thermoplas 
tic elastomers. The outer coating may be applied, either With 
or Without the use of an additional adhesion promoter, to the 
composite having tWo or more layers, for example by Way 
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of extrusion via a crosshead die, or by passing a prefabri 
cated elastomer hose over the ?nished extruded tube having 
tWo or more layers. The thickness of the outer coating is 
generally from 0.1 to 4 mm, preferably from 0.2 to 3 mm, 
Which ranges include all values and subranges therebetWeen, 
including 0.3, 0.4, 0.5, 0.8, 1, 1.1, 1.5, 2, 2.1, 2.5, and 3.5 
mm. 

[0126] Examples of suitable elastomers are chloroprene 
rubber, ethylenepropylene rubber (EPM), ethylene-propy 
lene-diene rubber (EPDM), epichlorohydrin rubber (ECO), 
chlorinated polyethylene, acrylate rubber, chlorosulfonated 
polyethylene, silicone rubber, plasticiZed PVC, polyether 
esteramides and polyetheramides. 

[0127] The composite having tWo or more layers may be 
manufactured in one or more stages, for example by single 
stage processes using multicomponent injection molding or 
coextrusion or coextrusion bloW molding (including, for 
example, 3D bloW molding, parison extrusion into the open 
half of a mold, 3D parison manipulation, suction bloW 
molding, 3D suction bloW molding, or sequential bloW 
molding), or by processes having tWo or more stages, eg as 
described in US. Pat. No. 5,554,425, the entire contents of 
Which are hereby incorporated by reference. 

EXAMPLES 

[0128] Having generally described this invention, a further 
understanding can be obtained by reference to certain spe 
ci?c examples Which are provided herein for purposes of 
illustration only and are not intended to be limiting unless 
otherWise speci?ed. 

[0129] The folloWing components and molding composi 
tions Were used in the examples: 

VESTAMID ® X7293, a plasticized and impact-modi?ed extrusion 
molding composition based on PA12 from 
Degussa AG, Dusseldorf 

VESTAMID ® ZA7295, an extrusion molding composition made from 
PA12 from Degussa AG, Dusseldorf 
a PA6 from BASF AG, LudWigshafen 
a PA6 from BASF AG, LudWigshafen 
a high-viscosity PA612 from Degussa AG, 
Dusseldorf 
an EVOH from KURARAY, having 32 mol % 
of ethylene 
a maleic-anhydride-functionalized ethylene 
propylene rubber from EXXON 

ULTRAMID ® B4, 
ULTRAMID ® B5W, 
VESTAMID ® D22, 

EVAL ® F101, 

EXXELOR ® VA1803, 

[0130] Polyethyleneimine-PA6 copolymer: 

[0131] 4.78 kg of caprolactam Were melted in a heating 
vessel at from 180 to 210° C., and transferred to a pressure 
tight polycondensation vessel. 250 ml of Water and 57 ppm 
of hypophosphorous acid Were then added. Caprolactam 
cleavage Was carried out at 280° C. under autogenic pres 
sure. The pressure Was then reduced Within a period of 3 h 
to a residual Water vapor pressure of 3 bar, and 230 g of 
polyethyleneimine (LUPASOL® 100, BASF AG, LudWig 
shafen) Were added. The pressure Was then reduced to 
atmospheric pressure, and polycondensation took place at 
250° C. for 2 h, under a stream of nitrogen. The clear melt 
Was discharged as extrudate through a melt pump, cooled in 
a Water bath, and then pelletiZed. The resultant copolymer 
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had a polyethyleneimine fraction of 4.5% by Weight and a 
PA6 fraction of 95.5% by Weight. 

Example 1 

[0132] A Berstorff ZE 25 tWin-screW extruder Was used to 
prepare an intimate mixture of 35.3% by Weight of VES 
TAMID® D22, 48.1% by Weight of ULTRAMID® B5W, 
10.7% by Weight of the polyethyleneimine-PA6 copolymer, 
and 5.4% by Weight of EXXELOR® VA1803 at 280° C., 
and the mixture Was extruded, pelletiZed and dried. 

[0133] This mixture Was used to coextrude a four-layer 
tube With external diameter 8 mm and total Wall thickness 1 
mm, the speci?c layer con?guration being as follows: 

Outer layer (0.3 mm) made from a plasticized, impact-modi?ed PA612 
extrusion molding composition, 

2nd layer (0.1 mm) made from the mixture prepared at the outset, 
3rd layer (0.15 mm) made from EVAL ® F101, 
Inner layer (0.45 mm) made from a plasticized, impact-modi?ed PA6 

molding composition. 

[0134] Permanent adhesion Was achieved at all of the 
phase boundaries here. 

Comparative Example 1 

[0135] A three-layer tube Was coextruded and differed 
from the tube of example 1 only in that the 2nd layer made 
from the mixture prepared at the start in example 1 Was 
omitted, With a resultant change in the thickness of the outer 
layer. The layer con?guration of the tube Was therefore as 
folloWs: 

Outer layer (0.4 mm) plasticized, impact-modi?ed PA612 extrusion 
molding composition, 

Middle layer (0.15 mm) EVAL ® F101, 
Inner layer (0.45 mm) plasticized, impact-modi?ed PA6 molding 

composition. 

[0136] No adhesion Was achieved here betWeen outer 
layer and middle layer. 

Example 2 

[0137] A Berstorff ZE 25 tWin-screW extruder Was used to 
prepare, at 320° C., an intimate mixture of 8.1 kg of 
VESTAMID® ZA 7295 and 9.0 kg of ULTRAMID® B4, 
and the mixture Was extruded, pelletiZed and dried. There 
Was observed here to be some extent of transamidation 
reactions leading to block copolymers. 

[0138] This mixture Was used to coextrude a four-layer 
tube With external diameter 8 mm and total Wall thickness 1 
mm, the speci?c layer con?guration being as folloWs: 

Outer layer (0.3 mm) 
2nd layer (0.1 mm) 
3rd layer (0.15 mm) 
Inner layer (0.45 mm) 

made from VESTAMID ® X7293, 
made from the mixture prepared at the outset, 
made from EVAL ® F101, 
made from a plasticized, impact-modi?ed PA6 
molding composition. 
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[0139] Permanent adhesion Was achieved at all of the 
phase boundaries here. 

Comparative Example 2 

[0140] A three-layer tube Was coextruded and differed 
from the tube of example 2 only in that the 2nd layer made 
from the mixture prepared at the start in example 1 Was 
omitted, With a resultant change in the thickness of the outer 
layer. The layer con?guration of the tube Was therefore as 
folloWs: 

Outer layer (0.4 mm) 
Middle layer (0.15 mm) 
Inner layer (0.45 mm) 

made from VESTAMID ® X7293, 
made from EVAL ® F101, 
made from plasticized, impact-modi?ed PA6 
molding composition. 

[0141] No adhesion Was achieved here betWeen outer 
layer and middle layer. 

[0142] Obviously, numerous modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

[0143] This application is based on German patent appli 
cation DE 100 64 333.7, ?led Dec. 21, 2000, the entire 
contents of Which being hereby incorporated by reference. 

1. A layered composite, comprising the folloWing layers: 

(I) a layer I composition comprising: 

(a) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group consisting of 
PA6, PA66, PA6/66 and mixtures thereof; 

(b) from 0 to 100 parts by Weight of at least one 
polyamine-polyamide copolymer comprising the 
folloWing monomer units; 

(0t) from 0.5 to 25% by Weight, based on the Weight 
of the polyamine-polyamide copolymer, of at least 
one polyamine having at least 4 nitrogen atoms 
and having a number-average molar mass MD of at 
least 146 g/mol, and 

([3) at least one polyamide-forming monomer 
selected from the group consisting of lactam, 
uu-aminocarboxylic acid, equimolar combination 
of diamine and dicarboxylic acid, and mixtures 
thereof; and 

(c) from 0 to 80 parts by Weight of at least one 
polyamide selected from the group consisting of 
PA11, PA12, PA612, PA1012, PA1212 and mixtures 
thereof; 

Wherein, in the layer I, a total of the parts by Weight 
of (a), (b) and (c) is 100; 

Wherein Within an entirety of (a) and (b), at least 20 
parts by Weight of said entirety comprise mono 
mer units selected from the group consisting of 
caprolactam, combination of hexamethylenedi 
amine/adipic acid, and mixtures thereof; and 
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wherein Within an entirety of (b) and (c), at least 20 
parts by Weight of the entirety comprise monomer 
units selected from the group consisting of (n-ami 
noundecanoic acid, laurolactam, combination of 
heXamethylenediamine/1,12-dodecanedioic acid, 
combination of 1,10-decanediamine/1,12-dode 
canedioic acid, combination of 1,12-dodecanedi 
amine/1,12-dodecanedioic acid, and mixtures 
thereof; and 

(II) a layer II composition Which includes at least one 
ethylene-vinyl alcohol copolymer. 

2. The composite as claimed in claim 1, Wherein the layer 
I composition comprises at least one selected from the group 
consisting of: 

at least 0.5 part by Weight of (a), 

at least 0.5 part by Weight of (b), 

at least 0.5 part by Weight of (c), 

and combinations thereof. 
3. The composite as claimed in claim 1, Wherein the layer 

I composition comprises at least one selected from the group 
consisting of: 

at least 10 parts by Weight of (a), 

at least 2 parts by Weight of (b), 

at least 10 parts by Weight of (c), 

and combinations thereof. 
4. The composite as claimed in claim 1, Wherein the layer 

I composition comprises at least one selected from the group 
consisting of: 

at least 20 parts by Weight of (a), 

at least 5 parts by Weight of (b), 

at least 20 parts by Weight of (c), 

and combinations thereof. 
5. The composite as claimed in claim 1, Wherein the layer 

I composition comprises at least one selected from the group 
consisting of: 

at least 30 parts by Weight of (a), 

at least 10 parts by Weight of (b), 

at least 30 parts by Weight of (c), 

and combinations thereof. 
6. The composite as claimed in claim 1, Wherein the layer 

I composition comprises at least one selected from the group 
consisting of: 

at most 70 parts by Weight of (a), 

at most 80 parts by Weight of (b), and 

at most 70 parts by Weight of 
7. The composite as claimed in claim 1, Wherein the layer 

I composition comprises at least one selected from the group 
consisting of: 

at most 60 parts by Weight of (a), 

at most 60 parts by Weight of (b), and 

at most 60 parts by Weight of 
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8. The composite as claimed in claim 1, Wherein 

the layer I composition comprises not more than 40 parts 

by Weight of 9. The composite as claimed in claim 1, Wherein 

the polyamine-polyamide copolymer (b) comprises from 
1 to 20% by Weight of the polyamine (0t). 

10. The composite as claimed in claim 1, Wherein 

the polyamine-polyamide copolymer (b) comprises from 
1.5 to 16% by Weight of the polyamine (0t). 

11. The composite as claimed in claim 1, Wherein 

the polyamine (0t) comprises at least 8 nitrogen atoms. 
12. The composite as claimed in claim 1, Wherein 

the polyamine (0t) comprises at least 11 nitrogen atoms. 
13. The composite as claimed in claim 1, Wherein the 

polyamine (0t) has a number-average molar mass MD of at 
least 500 g/mol. 

14. The composite as claimed in claim 1, Wherein the 
polyamine (0t) has a number-average molar mass MD of at 
least 800 g/mol. 

15. The composite as claimed in claim 1, Wherein an 
amino group concentration in the polyamine-polyamide 
copolymer (b) is in the range from 100 to 2,500 mmol/kg. 

16. The composite as claimed in claim 1, Wherein the 
layer I composition comprises at least one block copolymer 
comprising (a) and (b) monomer units. 

17. The composite as claimed in claim 1, further com 
prising at least one layer comprising at least one selected 
from the group consisting of PA11, PA12, PA612, PA1012, 
PA1212, and combinations thereof. 

18. The composite as claimed in claim 1, further com 
prising at least one layer comprising at least one selected 
from the group consisting of PA6, PA66, PA6/66, and 
combinations thereof. 

19. The composite as claimed in claim 1, Wherein the 
composite comprises tWo of the I layers. 

20. The composite as claimed in claim 1, further com 
prising at least one regrind layer. 

21. The composite as claimed in claim 1, Wherein 

the composite comprises a layer sequence MM. 
22. The composite as claimed in claim 1, Wherein 

the composite comprises the folloWing sequence of lay 
ers; 

(a) layer comprising at least one selected from the 
group consisting of PA11, PA12, PA612, PA1012, 
PA1212, and combinations thereof; 

(b) layer I; 
(c) layer II; and 
(d) layer comprising at least one selected from the 

group consisting of PA6, PA66, PA6166, and com 
binations thereof. 

23. The composite as claimed in claim 1, comprising at 
least one outer layer comprising at least one selected from 
the group consisting of PA11, PA12, PA612, PA1012, 
PA1212, and combinations thereof. 

24. The composite as claimed in claim 1, comprising at 
least one electrically conductive layer. 

25. The composite as claimed in claim 1, comprising at 
least one innermost layer and further comprising at least one 
electrically conductive layer adjacent to the innermost layer. 
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26. The composite as claimed in claim 1, wherein the 
polyamide in at least one of (a), (c) or both comprise not 
more than 50% by Weight of additives. 

27. The composite as claimed in claim 1, Wherein the 
composite is in the form of a tube. 

28. The composite as claimed in claim 1, Wherein at least 
one region of the composite has a corrugated shape. 

29. The composite as claimed in claim 1, Wherein the 
composite is in the form of a holloW article. 

30. The composite as claimed in claim 1, comprising at 
least one outermost layer, and further comprising an elas 
tomer layer adjacent to the outermost layer. 

31. Atubular article selected from the group consisting of 
fuel, brake-?uid pipe, coolant pipe, hydraulic-?uid pipe, 
fuel-pump pipe, air-conditioner pipe, and a vapor line, 
comprising the composite as claimed in claim 1. 

32. An article selected from the group consisting of a 
container, fuel container, ?ller pipe, and ?ller pipe for a tank, 
comprising the composite as claimed in claim 1. 

33. A ?lm, comprising the composition as claimed in 
claim 1. 

34. A method for preparing the composite as claimed in 
claim 1, comprising at least one selected from the group 
consisting of multicomponent injection molding, coextru 
sion, and coextrusion bloW molding at least one of the layers 
I, II, or both. 

35. A molding composition, comprising the folloWing 
components: 

(a) from 0 to 80 parts by Weight of at least one polyamide 
selected from the group consisting of PA6, PA66, 
PA6/66 and mixtures thereof; 

(b) from 0.5 to 100 parts by Weight of at least one 
polyamine-polyamide copolymer comprising the fol 
loWing monomer units; 

(0t) from 0.5 to 25% by Weight, based on the Weight of 
the polyamine-polyamide copolymer, of at least one 
polyamine having at least 4 nitrogen atoms and 
having a number-average molar mass MD of at least 
146 g/mol, and 

([3) at least one polyamide-forming monomer selected 
from the group consisting of lactam, uu-aminocar 
boxylic acid, equimolar combination of diamine and 
dicarboxylic acid, and mixtures thereof; and 

(c) from 0 to 80 parts by Weight of at least one polyamide 
selected from the group consisting of PA11, PA12, 
PA612, PA1012, PA1212 and mixtures thereof; 

Wherein, a total of the parts by Weight of (a), (b) and (c) 
is 100; 

Wherein Within an entirety of (a) and (b), at least 20 
parts by Weight of said entirety comprise monomer 
units selected from the group consisting of capro 

Oct. 3, 2002 

lactam, combination of hexamethylenediamine/adi 
pic acid, and mixtures thereof; and 

Wherein Within an entirety of (b) and (c), at least 20 
parts by Weight of said entirety comprise monomer 
units selected from the group consisting of (n-ami 
noundecanoic acid, laurolactam, combination of 
hexamethylenediamine/1,12-dodecanedioic acid, 
combination of 1,10-decanediamine/1,12-dode 
canedioic acid, combination of 1,12-dodecanedi 
amine/1,12-dodecanedioic acid, and mixtures 
thereof. 

36. A molding composition, comprising the folloWing 
components: 

(a) from 0 to 80 parts by Weight of at least one polyamide 
selected from the group including PA6, PA66, PA6/66 
and mixtures thereof; 

(b) from 0 to 100 parts by Weight of at least one 
polyamine-polyamide copolymer comprising the fol 
loWing monomer units; 

(0t) from 0.5 to 25% by Weight, based on the Weight of 
the polyamine-polyamide copolymer, of a polyamine 
having at least 4 nitrogen atoms and having a num 
ber-average molar mass MD of at least 146 g/mol, and 

([3) at least one polyamide-forming monomer selected 
from the group consisting of lactam, uu-aminocar 
boxylic acid, equimolar combination of diamine and 
dicarboxylic acid, and mixtures thereof; and 

(c) from 0 to 80 parts by Weight of at least one polyamide 
selected from the group including PA11, PA12, PA612, 
PA1012, PA1212 and mixtures thereof; 

Wherein a total of the parts by Weight of (a), (b) and (c) 
is 100; 

Wherein Within an entirety of (a) and (b), at least 20 
parts by Weight of said entirety comprise monomer 
units selected from the group consisting of capro 
lactam, combination of hexamethylenediamine/adi 
pic acid, and mixtures thereof; 

Wherein Within an entirety of (b) and (c), at least 20 
parts by Weight of said entirety comprise monomer 
units selected from the group consisting of (n-ami 
noundecanoic acid, laurolactam, combination of 
hexamethylenediamine/1,12-dodecanedioic acid, 
combination of 1,10-decanediamine/1,12-dode 
canedioic acid, combination of 1,12-dodecanedi 
amine/1,12-dodecanedioic acid, ad mixtures thereof; 
and 

Wherein said molding composition comprises at least 
one block copolymer comprising (a) and (c) mono 
mer units. 


