
O.Z. 6433 Transparent molding composition The
invention relates to a transparent molding composition
composed of a copolyamide and  suitable for production
of transparent, printable items. Examples of the items
are films and in  5 particular ski topcoats or
snowboard topcoats. Utility model DE 295 19 867 131
describes a decoratable film composed of a copolyamide
which is composed of the following monomer units:
laurolactam and caprolactam and/or
hexamethylenediamine/dicarboxylic acid. Although these
copolyamides are generally to transparent and also
easy to decorate, problems constantly occur when these
copolyamides are  extruded to produce moldings or
films. In particular, deposits form on the injection
mold or  extrusion die, or on the take-off rolls, and
these cause frequent interruption of production for
the necessary cleaning work. Furthermore, the heat
resistance of these films is inadequate, and
therefore there is a risk of deformation during
decoration by means of sublimation print or 15 thermal
diffusion print. The temperature at which decoration
has to be carried out is therefore  lower than would
actually be desirable in these processes. The article
by M. Beyer and J. Lohmar, ICumststoffe 90 (2000) 1,
pp. 98 - 101 gives examples  of printable films
composed of PA12 molding compositions. However, these
films have the  20 same disadvantages with regard to
deposit formation and excessively low heat resistance.
It was a particular object of the present invention to
provide a molding composition which on  the one hand
has sufficient crystallinity to achieve adequate
stress cracking resistance but  which on the other
hand, however, is nevertheless sufficiently
transparent. Sufficient stress 25 cracking resistance
is important firstly if the moldings or films
manufactured from the  material are also intended for
decoration by screen printing or by offset printing as
an  additional or alternative process, and secondly in
subsequent use if the finished parts are  treated with
alcohol-based cleaning compositions. Transparency must
be adequate to permit  reverse printing of the film
with sufficient sharp contrast. Furthermore, deposit
formation 



30 during processing of the molding composition should
at least be markedly reduced. Another  substantial
aspect of the underlying object consisted in provision
of a polyamide molding O.Z. 6433 2  composition which
can be processed to give items, such as moldings or
films, which are also  easy to print by means of
thermal diffusion print or sublimation print. These
thermal printing  processes often demand increased
heat resistance of the Elms or moldings. In the case
of the  molding compositions that can he used, heat
resistance correlates with the crystallite melting 5
point T,,,; a T,,, of at least 180C is desirable for
these thermal printing processes. Excessively  low
heat resistances are evident in warpage or deformation
of the moldings or films to be  printed. On the other
hand, lowering of the sublimation temperature impairs
contrast and print  image sharpness, because the ink
then fails to penetrate sufficiently deeply into the
film. It is  self-evident to the person skilled in the
art that the other processing properties such as a
Firmly to adhering adhesive bond to the substrate,
e.g. to the ski body, or suitability for in-mold
coating,  may not be impaired via superficial ink
residues which have not diffused into the material.
Surprisingly, this object could be achieved via the
use of a molding composition which  comprises at least
50% by weight, preferably at least 60% by weight,
particularly preferably at 15 least 70% by weight, 80%
by weight, or 90% by weight, and with particular
preference at  least 95% by weight, of a copolyamide
described below, for production of a printable or
printed item. The invention also provides the items
produced from this molding composition.  20 The
copolyamide that can be used according to the
invention is composed of the following  monomer
combination: a) from 65 to 99 mol%, preferably from 75
to 98 mol%, particularly preferably from 80 to  97
mol%, and with particular preference from 85 to 96
mol%, of a substantially equimolar  



25 mixture composed of an unbranched aliphatic diamine
and of an unbranched aliphatic dicarboxylic acid,
where the mixture is, if appropriate, present in the
form of salt, and  moreover diamine and dicarboxylic
acid are respectively counted individually in the
calculation of the constitution, with the proviso that
the mixture composed of diamine and dicarboxylic acid
comprises an  30 average of from 8 to 12 carbon atoms
and preferably from 9 to I1 carbon atones per
monomer; 0.7. 6433 3  h) from 1 to 35 mol%, preferably
from 2 to 25 mol%, particularly preferably from 3 to
20 mol%, and with particular preference from 4 to 15
mol%, of 'a substantially equimolar  mixture composed
of a cycloaliphatic diamine and of 'a dicarboxylic
acid. 5 The unhranched linear diamine used in a)
generally has from 6 to 18 carbon atoms; examples  of
suitable compounds here are 1,6-hexamethylenediamine,
1,8-octamethylencdiamine,  1,9-nonamethylenediamine,
1,10-decamethylenediamine, and
1,12-dodccamethylenediamine.  The unbranched linear
dicarboxylic acid used in a) likewise generally has
from 6 to 18 carbon 10 atoms; examples of suitable
compounds here are adipic acid, suberic acid, azelaic
acid,  sebacic acid, 1,12-dodecanedioic acid,
brassylic acid, and 1,14-tetradecanedioic acid.
Preference is given to the following combinations:
hexamethylenediamine/1,12-dodecanedioic  acid,
1,10-decamcthylenediamine/sebacic acid,
hexamethylenediamine/sebacic acid, and 1,10 15
decamethylenediamine/1,12-dodecanedioic acid. The
cycloaliphatic diamine used in b) generally has from 8
to 24 carbon atoms. Examples of  suitable compounds
are 1,4- or 1,3-bis(aminomethyl)hexane, 4,4'-di
aminodicyclo- hcxylmethane,
4,4'-diamino-3,3'-dimethyldicyclohexylmethane,
4,4'-diamino-3,3'-dimethyl- 20 dicyclohexylpropane,
and also isophoronediamine. The group from which the
dicarboxylic acid used in b) is selected may be the
same as that  



from which that used in a) is selected. The two
dicarboxylic acids may be identical or  different.
However, it is also possible to use any other
dicarboxylic acid preferably having 25 from 6 to 18
carbon atoms; e.g. 2-methylpentanedioic acid,
isophthalic acid, or cyclohexane- 1,4-dicarboxylic
acid. Instead of dicarboxylic acids and diamines to
prepare the copolyamide it is also possible, of
course, to use their polyamide-forming derivatives. 30
O.Z. 6433 4  In one preferred embodiment, the
copolyamide has a crystallite melting point T,,, in
the range  from 180 to 220C, particularly preferably
in the range from 185 to 210C, and with particular
preference in the range from 190 to 200C. The enthalpy
of fusion of the copolyamide is  moreover preferably
at least 30 J/g, particularly preferably at least 45
J/g, and with particular 5 preference at least 55 J/g.
and enthalpy of fusion are determined via DSC to ISO
11357 in  the 2nd heating curve using a heating rate
of 20 K/min. The content of the monomer mixture  of b)
required to achieve the target value can easily be
determined by the person skilled in the  art via a few
manual experiments. 10 The relative solution viscosity
i]rel of the copolyamide, measured on a 0.5% strength
by weight  solution in m-cresol at 23C to ISO 307, is
generally from about 1.5 to about 2.5, preferably
from about 1.7 to about 2.2, and particularly
preferably from about 1.8 to about 2.1. In one
preferred embodiment, the melt viscosity, measured in
a mechanical spectrometer (cone-and- plate) to ASTM
D4440 at 240C and at a shear rate of 100 s-1, is from
250 to 10 000 Pas,  15 preferably from 350 to 8000
Pas, and particularly preferably from 500 to 5000 Pas.
The molding composition may optionally comprise the
following other components: - other polymers, e.g. a
homopolyamide which is preferably composed of the
monomer  20 combination used in a), or a polyamide
elastomer whose polyamide fraction is likewise  



preferably composed of the monomer combination used in
a), and - conventional auxiliaries and additives, the
amounts being those conventional for  polyamide
molding compositions, examples being stabilizers,
lubricants, dyes, or  nucleating agents. 25 This
molding composition can be used for production or
items, such as moldings or films,  which are likewise
provided by the invention. In one preferred
embodiment, the thickness of  the films is from 0.02
to 1 mm, particularly preferably from 0.05 to 0.8 mm,
very particularly  preferably from 0.1 to 0.6 mm, and
with particular preference from 0.2 to 0.5 mm. 30 The
film may also be of multilayer design, preferred
embodiments being the following: O.Z. 6433 5  1. The
multilayer film comprises a further layer composed of
a polyamide elastomer  molding composition, in
particular of a polyetheramide or of a
polyetheresteramide, and  preferably of a
polyetheramide or polyetheresteramide on the basis of
a linear aliphatic  diamine having from 6 to 18,
preferably from 6 to 12 carbon atoms, or a linear
aliphatic 5 or an aromatic dicarboxylic acid having
from 6 to 18, preferably from 6 to 12 carbon  atoms,
and of a polyether having an average of more than 2.3
carbon atoms per oxygen  atom and having a
number-average molecular weight of from 200 to 2000.
The molding  composition of this layer may comprise
other blend components, e.g. polyacrylates or
polyglutarimides having carboxy or carboxylic
anhydride groups or epoxy groups, a 10 rubber
containing functional groups, and/or a polyamide.
Molding compositions of this  type are prior art; they
are described by way of example in EP 1 329 481 A2 and
DE-A  103 33 005, expressly incorporated herein by way
of reference. In order to ensure good  layer adhesion
it is advantageous here for the polyamide content of
the polyamide  elastomer to be composed of monomers
identical with those used as monomer  



15 combination a) in the copolyamide of the other
layer. 2. The multilayer film comprises another layer
composed of a molding composition on the  basis of the
same or of a similar copolyamide and/or of a polyamide
which is preferably  composed of monomers the same as
those used as monomer combination a) in the  20
copolyamide of the other layer. 3. The multilayer film
comprises an adhesion promoter layer for linkage to
the substrate or  for bonding within the multilayer
film structure, for example a polyolefin
functionalized  with carboxy groups or with anhydride
groups or with epoxy groups, a blend composed of 25
the undermost-layer material and of the substrate
material, or a thermoplastic  polyurethane. These
embodiments may also be combined with one another. It
is always preferable that the  layer composed of the
copolyamide used according to the invention forms the
outer layer. If  30 necessary, for example if there
are increased scratch resistance requirements, this
outer layer may, if appropriate, also have a
protective layer, for example a polyurethane-based
clear O.Z. 6433 6  lacquer. It may also, if
appropriate, have been covered with an assembly film
which is peeled  away after production of the finished
part. The second layer which is the underlayer or
which, if there are more than 2 layers, is one of  5
the underlayers, may be a colorless transparent layer,
a transparent colored layer, or else an  opaque
colored layer, in order to permit generation of
specific design variants in combination  with the
transparent outer layer. In these cases, the
transparent outer layer can also be printed  from the
upper side. 1 0 Examples of the use of the films are
as protective film with respect to soiling, UV
radiation,  weathering effects, chemicals, or
abrasion, as barrier film on vehicles, in the
household, on  floors, on tunnels, on tents, and on
buildings, or as a carrier for decorative effects, for
example  



for topcoats on sports equipment, or internal or
external decoration on motor vehicles, on  boats, in
the household, or on buildings. These possible uses
also apply to cases in which the 15 molding
composition is an opaque and colored composition.
Examples of methods for  producing the cohesive bond
between film and substrate are adhesive bonding,
pressing,  lamination, coextrusion, or in-mold
coating. To achieve improved adhesion, the film may be
pre-flame-treated or pre-plasma-treated, for example.
20 In one preferred embodiment, the inventive film is
used as topcoat for any type of snowboard- like
equipment, such as skis or snowboards. US 5 437 755
describes a known process for applying decorated ski
topcoats. In this process,  the ski is produced by
what is known as the monocoque system, the topcoat
initially being  25 composed of two plastics films of
which the outer is transparent and the ironer is
opaque (white). Before the two films are
adhesive-bonded to one another, and before the
subsequent  thermoforming process, the outer side of
the transparent upper film and one of the subsequent
contact surfaces between the transparent upper film
and the opaque lower film arc printed  with various
decorative effects. Suitable plastics stated for the
upper film are acrylonitrile 30 butadiene-styrene
copolymer (ABS), acrylonitrile-styrene copolymer (AS),
thermoplastic  polyurethane (TPU), and aliphatic
polyamides, particularly PAIL and PA12. Materials O.Z.
6433 7  described only for the lower film, which is
protected from external effects and is not always
printed, are copolyamides, alongside polyesteramides,
polyetheramides, modified polyolefins,  and
styrene-carboxylic anhydride copolymers. However, any
of the other known shaping and  adhesive-bonding
processes may be used to bond the topcoat to the ski
or snowboard. 5 If a single-layer film is used
according to the invention, this is transparent and is
preferably  underside-printed, and in this case a
white adhesive or, if appropriate, an adhesive of
different  



color, is used as optical background for bonding the
film to the ski. 10 If a coextruded two-layer film is
used, this is preferably composed of a transparent
overlayer  and of a white- or color-pigmented
underlayer as background, the upper side of the film
having been printed. Examples are used below to
illustrate the invention.  15 Comparative example 1: A
copolyamide was used composed of 80 mol% of
laurolactam and 20 mol% of caprolactam.  Relative
solution viscosity rlrel was 1.9. 20 Comparative
example 2: A copolyamide was used composed of 80 mol%
of laurolactam and 20 mol% of an equimolar  mixture
composed of hexamethylenediamine and
1,12-dodecanedioic acid, with rl,ei of 1.89.
Comparative example 3: 25 A copolyamide was used
composed of 85 mol% of laurolactam, 7.5 mol% of
isophoronediamine and 7.5 mol% of 1,12-dodecanedioic
acid, with rl,e] of 1.85. Inventive exam Ic 1: To
prepare a CoPA612/IPD12 (90:10), a 2001 stirred
autoclave was charged with the  30 following starting
materials: O.Z. 6433 8  41.03 kg of
hexamethylenediamine (in the form of a 68.5% strength
aqueous solution),  4.625 kg of isophoronediamine,
62.80 kg of 1,12-dodecanedioic acid, and 19.2 g of a
50% strength aqueous solution of hypophosphorous acid
(corresponding to  5 0.006% by weight). The starting
materials were melted under nitrogen and heated with
stirring in the scaled  



autoclave to about 220C, the resultant internal
pressure being about 20 bar, This internal  pressure
was retained for 2 hours; the melt was then further
heated to 280C with continuous 10 depressurization to
atmospheric pressure, and then kept for 1.5 hours at
this temperature in the  stream of nitrogen.
Thereafter nitrogen was passed over the melt for a
further 3 hours until the  torque indicated no further
rise in melt viscosity. The melt was then discharged
by means of a  gear pump and strand-pelletized. The
pellets was dried at 80C under nitrogen for 24 hours.
15 Yield: 85 kg The properties of the product were as
follows:  Crystallite melting point T,,,: 195 C  20
Relative solution viscosity rlrj: 1.95 Inventive
example 2: To prepare a CoPA612/IPD12 (80:20),
inventive example I was repeated with the following
starting weights: 25 3593 kg of hexamethylenediamine
(in the form of a 68.5% strength aqueous solution),
9.111 kg of isophoronediamine, 61.85 kg of
1,12-dodecanedioic acid, and 19.3 g of a 50% strength
aqueous solution of hypophosphorous acid
(corresponding to  30 0.006% by weight). O.Z. 6433 9
Yield: 84.1 kg The properties of the product were as
follows:  5 Crystallite melting point T,,,: 185 C
Relative solution viscosity rl,ei: 1.93 Films of
thickness 0.4 mm were extruded from the products of
inventive examples I and 2  



and of comparative examples 1-3, and assessed. The
results are presented in the table below.  10 In the
case of the molding compositions with poor
processability, severe warpage was  noticeable by
virtue of slow post-crystallization. Formation of
deposits on the take-off rolls  was monitored
visually. 15 Table: Assessment of molding compositions
Molding Transparency Processability/ Crystallite
Crystallization enthalpy  composition deposit melting
point temperature of fusion  from formation T11 [C]
(DSC) [7/g] [c] Comparative Good poor, marked 150 85
40  example 1 deposits Comparative Good poor/deposits
159 89 39  example 2 Comparative Good poor/deposits
158 90 41  example 3 Inventive Good good 195 130 60
example I Inventive Good good 185 116 43  example 2
All of the films from inventive example I and 2 were
easy to decorate by means of thermal  diffusion print,
but the films of comparative examples 1-3 were
deformed in this process. O.Z. 6433 10  Problematic
deposits on the take-olT rolls were observed
repeatedly on prolonged extrusion in  the comparative
examples - especially comparative example 1, but in
contrast were not  



observed in the inventive examples. 5 O.Z. 6433 11
What is claimed is: 1. The use of a molding
composition which comprises at least 50% by weight of
a  copolyamide, which is composed of the following
monomer combination: 5 a) from 65 to 99 mol% of a
substantially equimolar mixture composed of an
unbranched  aliphatic diamine having from 6 to 18
carbon atoms and of an unbranched aliphatic
dicarboxylic acid having from 6 to 18 carbon atoms,
where the mixture composed of diamine and dicarboxylic
acid comprises an average of  from 8 to 12 carbon
atoms, and 10 b) from 1 to 35 mol% of a substantially
equimolar mixture composed of a cycloaliphatic
diamine having from 8 to 20 carbon atoms and of a
dicarboxylic acid having from 6 to  18 carbon atoms,
for production of a printable or printed item.  15 2.
The use as claimed in claim 1,  wherein, the
copolyamide has a crystallite melting point T,,, in
the range from 180 to 220C.  20 3. The use as claimed
in either of the preceding claims, wherein,  the
enthalpy of fusion of the copolyamide is at least 30
J/g.  4. The use as claimed in either of the preceding
claims, 25 wherein, the monomer combination a) of the
copolyamide has been selected from the group of  



hexamethylenediamine/sebacic acid,
hexamethylenediamine/1,12-dodecanedioic acid,  1;
10-decamethylenediamine/sebacic acid, and
1,10-decamethylenediamine/l,12- dodecanedioic acid. 30
5. A printable or printed item which comprises the
molding composition used as claimed in  claims 1 to 4.
O.Z. 6433 12  6. The item as claimed in claim 5, which
is a single-layer or multilayer film.  5 7. The item
as claimed in claim 6,  whose thickness is from 0.02
to 1 mm. 10 8. The item as claimed in claim 6 or 7,
which comprises one or more further underlayers,
selected from the group of polyamide  elastomer,
polyamide, copolyamide, and adhesion promoter. 15 9.
The item as claimed in any of claims 6 to 8,  wherein
one of the underlayers has been transparently or
opaquely colored.  10. The item as claimed in any of
claims 6 to 9, 20 which is a topcoat for skis or
snowboards. 


