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Pigment composition for mass colouration of aliphatic polyamide

Description

Pigments are used in mass colouration of polymers. Mass colouration of thermoplastic
polymers is typically performed at elevated temperatures above 180°C, when the
polymer softens and a homogenous distribution of the pigments in the viscous polymer
melt is facilitated.

EP-A-0794235 discloses a physical mixture of 3,6-di-(4’-chlorophenyl)-1,4-
diketopyrrolo-[3,4-c]-pyrrole and 2,9-dichloroquinacridone.

US 5529623 discloses a ternary solid solution of 3,6-di-(4’-chlorophenyl)-1,4-diketo-
pyrrolo-[3,4-c]-pyrrole, 3,6-diphenyl-1,4-diketo-pyrrolo-[3,4-c]-pyrrole and 2,9-
dichloroquinacridone.

EP-A-0277914 discloses solid solution mixtures of 1,4-diketo-pyrrolo-[3,4-c]-pyrroles
with quinacridones, which are applied inter alia for mass colouration of high molecular
weight organic material.

US 4810304 is a continuation-in-part, which is related to EP-A-0277914, and discloses
solid solution mixtures of 1,4-diketo-pyrrolo-[3,4-c]-pyrroles with quinacridones, which
are applied for mass colouration of high molecular weight organic material.

EP-A-0737723 discloses the application of a physical mixture of 3,6-di(4-biphenyl)-1,4-
diketopyrrolo-[3,4-c]-pyrrole and 2,9-dichloroquinacridone, which is applied for mass
colouration of high molecular weight organic material.

US 6494947 discloses the application of a physical mixture of 3,6-di(4’-chlorophenyl)-
1,4-diketopyrrolo-[3,4c¢]-pyrrole and 2,9-dichloroquinacridone in a printing ink and refers
inter alia also to mass colouration of high molecular weight organic material.

Some specific polymers are known to be critical substrates in regard to mass colour-
ation. For example at polyamide, the chemical stability of many pigments suffers, which
is believed to be caused by the strongly reducing conditions in heated polyamide. Ac-
cordingly, the mass-colouration of polyamide is still a problem in regard to the stability
of the colouration during the heating of the polyamide, which is required for processing
polyamide from pellets into articles like fibres.

It has now been found that the process for mass colouration according to the invention
surprisingly meet the above-mentioned heat stability criteria during processing of ali-
phatic polyamide to a larger extent.
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The present invention relates to a process for mass colouration of a composition con-
taining an aliphatic polyamide, which process comprises
- incorporation of a pigment mixture containing

a pigment of formula (1)
Cl

M

and
a pigment of formula (2)

H o)
N cl
LT e
cl N

5 H

wherein the weight ratio between the pigment of formula (1) and the pigment of
formula (2) is from 9 to 1, and
- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C.

Aliphatic polyamide is obtainable from a polycondensation reaction.

In contrast, there are many polymers, which are obtainable by radical polymerisation of
ethylenic unsaturated derivatives. Examples are polyolefing, such as polyethylene,
polypropylene, polybutene, polystyrene, polyacrylates, such as polymethylacrylate,
polymethacrylates, such as polymethylmethacrylate, polyvinylchloride, polyvinylalcohol,
polybutadiene and polyacrylonitrile. Co-polymers are also comprised, i.e.
poly(ethylene-co-vinylacetate), poly(ethylene-co-hex-1-ene), poly(styrene-co-
butadiene) and poly(styrene-co-butylacrylate).

Preferred is a process for mass colouration of a composition, wherein the composition
is free of polypropylene.

Preferred is a process for mass colouration of a composition, wherein the composition
is free of polyvinylchloride.

Preferred is a process for mass colouration of a composition, wherein the composition
is free of polypropylene and polyvinylchloride.
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Preferred is a process for mass colouration of a composition, wherein the composition

is free of polymers, which are obtainable by radical polymerisation of ethylenic unsatu-
rated derivatives.

The aliphatic polyamide as defined herein can have for example a molecular weight in
the range from 104 g/mol to 108 g/mol, in particular from 10% g/mol to 107 g/mol and
especially from 3x10° g/mol to 107 g/mol.

An aliphatic polyamide, which transforms at elevated temperatures from a solid into a

viscous liquid state and solidifies again once cooled down, is defined herein as a ther-
moplastic aliphatic polyamide. Under the application of pressure, the heated aliphatic

polyamide can be formed, for example in an extruder.

Preferred is a process for mass colouration of a composition, wherein the aliphatic
polyamide is thermoplastic.

An aliphatic polyamide is for example obtainable
from polycondensation of a diamine of formula (al)

H,N-X-NH, (al)

wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

and of a dicarboxylic acid of formula (all)

HOOC—Y-COOH (all)

wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1;

from polycondensation of an aminocarboxylic acid of formula (alll),

H,N—Z- COOH (alll)
wherein

Z is C,-Cqz-alkylene, Cs-Cq2-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

or
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from polycondensation of a diamine of formula (al), a dicarboxylic acid of formula
(all) and an aminocarboxylic acid of formula (alll);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1.

A molar ratio close to 1 as defined herein is for example in a range from 0.9 to 1.1, in
particular from 0.95 to 1.05 and especially from 0.97 to 1.03.

C,-Cq2-alkylene is for example ethylene, 1,3-propylene, 1-methylethyl-1,2-diyl, 1,4- bu-
tylene, 1,2-butylene, 2-methylpropyl-1,3-diyl, 1,5-pentylene, 1,6-hexylene [= hexame-
thylene], 1,7-heptylene, 1,8-octylene, 1,9-nonylene, 1,10-decylene, 1,11-undecylene
and 1,12-dodecylene.

Cs-C12-cycloalkylene is for example cyclopentane-1,2-diyl, cyclopentane-1,3-diyl, cyclo-
hexane-1,2-diyl, cyclohexane-1,3-diyl, cyclohexane-1,4-diyl, cycloheptane-1,2-diyl and
cyclo-octane-1,2-diyl.

Cs-Cqo-cycloalkane-bis-(C+-Cs-alkylene) is for example 1,2-bis(methylene)cyclopentane
[= 1,2-dimethylcyclopentane-1’,17-diyl], 1,2-bis(methylene)cyclohexane [= 1,2-dimethyl-
cyclohexane-1°,17-diyl], 1,3-bis(methylene)cyclohexane [= 1,3-dimethylcyclohexane-
1,17-diyl], 1,4-bis(methylene)cyclohexane [= 1,4-dimethylcyclohexane-1°,17-diyl], 1,2-
bis(methylene)cycloheptane, 1,5-bis(methylene)cyclooctane.

Dicarboxylic acids can also be partly or completely in their cyclic anhydride form, if a 5-
or 6-atom ring formation is sterically possible.

Aminocarboxylic acids of formula (alll) can also be partly or completely in the form of
their corresponding lactam form of formula (alll-r), if a 3-, 4-, 5-, 6- or 7-atom ring for-
mation is possible.

)L (alll-r)

Z—NH

An aliphatic polyamide can be defined herein as a polyamide, which is obtainable from
a polycondensation, wherein

- in a compound of formula (al), X is free of an aromatic moiety and in a compound of
formula (all), Y is free of an aromatic moiety,

- in a compound of formula (alll), Z is free of an aromatic moiety, or

- in the case of an aliphatic polyamide, which is obtainable from polycondensation of a
compound of formula (al), a compound of formula (all) and a compound of formula
(alll), X, Y and Z are free of an aromatic moiety.
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An aromatic polyamide can be defined herein as a polyamide, which is obtainable from
a polycondensation, wherein

- in a compound of formula (al), X contains an aromatic moiety or in a compound of
formula (all), Y contains an aromatic moiety,

- in a compound of formula (alll), Z contains an aromatic moiety, or

- in the case of an aromatic polyamide, which is obtainable from polycondensation of a
compound of formula (al), a compound of formula (all) and a compound of formula
(alll), at least one of X, Y or Z contains an aromatic moiety.

Preferred is a process for mass colouration of a composition, wherein the composition
is free of an aromatic polyamide.

Examples for aliphatic polyamides are

- polyamide-4 (polycondensation of a compound of formula alll with Z = 1,3-
propylene), polyamide-6 (polycondensation of a compound of formula alll with Z
= 1,5-pentylene), polyamide-10 (polycondensation of a compound of formula
alll with Z = 1,9-nonylene), polyamide-11 (polycondensation of a compound of
formula alll with Z = 1,10-decylene), polyamide-12 (polycondensation of a com-
pound of formula alll with Z = 1,11-undecylene),

- polyamide-4.6 (polycondensation of a compound of formula al with X = 1,4-
butylene and of a compound of formula all with Y = 1,4-butylene), polyamide-
6.6 (polycondensation of a compound of formula al with X = 1,6-hexylene and
of a compound with formula all with Y = 1,4-butylene) [= polyhexamethyl-
eneadipinamide], polyamide-6.10 (polycondensation of a compound of formula
al with X = 1,6-hexylene and of a compound of formula all with'Y = 1,8-
octylene) [= polyhexamethylenesebacinamide], polyamide-6.12 (polycondensa-
tion of a compound of formula al with X = 1,6-hexylene and of a compound of
formula all with Y = 1,10-decylene) [= polyhexamethylenedodecanamide], poly-
amide-12.12 (polycondensation of a compound of formula al with X =1,12-
dodecylene and of a compound of formula all with Y = 1,10-decylene),

- polyamide-6.6/6 (polycondensation of a compound of formula al with X = 1,6-
hexylene [= hexane-1,6-diamine], of a compound of formula all with Y = 1,4-
butylene [= adipic acid] and of a compound of formula alll with Z = 1,5-
pentylene [= e-caprolactam]), polyamide-6.10/6 (polycondensation of a com-
pound of formula al with X = 1,6-hexylene [= hexane-1,6-diamine], of a com-
pound of formula all with Y = 1,8-octylene [= decanedioic acid] and of a com-
pound of formula alll with Z = 1,5-pentylene [= e-caprolactam]), polyamide-
6.12/6 (polycondensation of a compound of formula al with X = 1,6-hexylene [=
hexane-1,6-diamine], of a compound of formula all with Y = 1,10-decylene [=
1,12-dodecanedioic acid] and of a compound of formula alll with Z = 1,5-
pentylene [= e-caprolactam]), polyamide-6.6/6 (80:20) (polycondensation of a
compound of formula al with X = 1,6-hexylene [= hexane-1,6-diamine], of a
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compound of formula all with Y = 1,4-butylene [= adipic acid] and of a com-
pound of formula alll with Z = 1,5-pentylene [= e-caprolactam], wherein the mo-
lar ratio of compound of formula | : compound of formula Il : compound of for-
mula Il = 80 : 80 : 20).

Preferred is a process for mass colouration, wherein the aliphatic polyamide is obtain-

able

from polycondensation of a diamine of formula (al)

H,N-X-NH, (al)

wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

and of a dicarboxylic acid of formula (all)

HOOC—Y-COOH (all)

wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1;

from polycondensation of an aminocarboxylic acid of formula (alll),

H,N—Z- COOH (alll)
wherein

Z is C,-Cqz-alkylene, Cs-Cq2-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

or

from polycondensation of a diamine of formula (al), a dicarboxylic acid of formula
(all) and an aminocarboxylic acid of formula (alll);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1.

Preferred is a process for mass colouration, wherein the aliphatic polyamide is obtain-

able

from polycondensation of a diamine of formula (al)

H,N-X-NH, (al)

wherein
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X is 1,6-hexylene;
and of a dicarboxylic acid of formula (all)

HOOC—Y-COOH (all)

wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1;

from polycondensation of an aminocarboxylic acid of formula (alll),

H,N—Z- COOH (alll)
wherein
Zis 1,6-hexyleng;

or

from polycondensation of a diamine of formula (al), a dicarboxylic acid of formula
(all) and an aminocarboxylic acid of formula (alll);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1.

Preferred is a process for mass colouration of a composition, wherein the aliphatic
polyamide is selected from the group consisting of polyamide-6, polyamide-6.6, poly-
amide-6.10, polyamide-6.12, polyamide-6.6/6, polyamide-6.10/6 and polyamide-6.12/6.

The pigment mixture containing a pigment of formula (1) and a pigment of formula (2)
can be incorporated into the composition containing an aliphatic polyamide for example
by mixing the pigment mixture into the composition containing the aliphatic polyamide
using roll mills or mixing or grinding instruments. As a result, the pigments are finely
distributed in the composition containing the aliphatic polyamide. The composition con-
taining the aliphatic polyamide and the pigment mixture is then heated to a temperature
in the range from 180°C to 350°C. It can be further processed by methods known per
se, such as calendering, compression moulding, extrusion, melt-spinning, casting or by
injection moulding, whereby the composition acquires typically its final shape as an
article. Admixture of the pigment mixture can also be effected immediately prior to the
actual heating step, for example by continuously feeding a solid, for example pulveru-
lent pigment mixture and, at the same time, a granulated or powdered composition
containing the aliphatic polyamide. Optionally, additional ingredients such as, for ex-
ample, additives, can be fed directly into the intake zone of the processing equipment,
where mixing takes place immediately before or during heating. The heating and the
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processing can occur at the same time. A crosslinking of the aliphatic polyamide in the
composition may also be effected or completed at this stage. Generally, however, it is
preferable to mix the pigment mixture into the composition containing the aliphatic
polyamide beforehand, since more uniformly mass-coloured articles can be achieved.

It is also possible that the process for mass colouration includes two heating steps with
processing. For example, in a first step, the composition is heated and processed, for
example extruded, to obtain pellets or granules. In a second step, these pellets or
granules are heated again and processed, for example extruded, into the desired final
article. Typically, the second step occurs under higher thermal and mechanical stress.
A typical second heating and processing step is example melt extrusion, for example
injection moulding and melt fibre spinning.

Preferred is a process for mass colouration of a composition, wherein the heated com-
position with the pigment mixture containing compounds of formulae (1) and (2) is ex-
truded.

Preferred is a process for mass colouration of a composition, wherein the heated com-
position is extruded at injection moulding or at melt fibre spinning.

Typically, the composition with the pigment mixture is heated to a temperature in the
range from 180°C to 350°C, in particular in the range of 200°C to 330°C and especially
in the range of 240°C to 320°C. A range of 240°C to 300°C, in particular from 240°C to
290°C, can be preferable.

Preferred is a process for mass colouration of a composition, wherein the temperature
is in the range from 200°C to 330°C.

Preferred is a process for mass colouration of a composition, wherein the temperature
is in the range from 200°C to 330°C and the composition with the pigment mixture is
extruded.

The weight ratio of the pigment of formula (1) and of the pigment of formula (2) is from
91to 1, i.e. in the range from 9 parts pigment of formula (1) and 1 part pigment of for-
mula (2) to 1 part pigment of formula (1) and 1 part of pigment of formula (2). Prefer-
able, the weight ratio of the pigment of formula (1) and of the pigment of formula (2) is
from 4 to 1, especially from 2 to 1 and very especially from 2.0 to 1.3.

Preferred is a process for mass colouration of composition, wherein the pigment mix-
ture, which is incorporated, contains pigments of formulae (1) and (2) and a further
pigment of formula (3)
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wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to0 1, and

wherein a pigment of formula (3) is present in a range of 5 to 35% based on the com-
bined weight of the pigments of formulae (1) and (2).

Preferred is a range of 15 to 25% of a pigment of formula (3) based on the combined
weight of the pigments of formulae (1) and (2).

Preferred is a process for mass colouration of a composition, wherein the pigment mix-
ture, which is incorporated, contains pigments of formulae (1) and (2) and a further
pigment of formula (3),

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
2to 1, and

wherein a pigment of formula (3) is present in a range of 15 to 25% based on the com-
bined weight of the pigments of formulae (1) and (2).

Preferred is a process for mass colouration of a composition containing an aliphatic
polyamide, which comprises
- incorporation of a pigment mixture containing
a pigment of formula (1) and a pigment of formula (2),
wherein the weight ratio between the pigment of formula (1) and the pigment of
formula (2) is from 9 to 1, and
- heating of the composition with the pigment mixture to a temperature in the
range from 180°C to 350°C,
wherein the composition with the pigments of formulae (1) and (2) is free of a further
pigment.

The overall amount of pigments incorporated into the composition, which is mass-
coloured, can be from 0.01% to 60% based on the weight of the aliphatic polyamide, in
particular from 0.05% to 30%. Preferred is a range from 0.05% to 10% in the case of a
mass-coloured final article, especially from 0.05% to 1%.

A masterbatch is employed as a pigment concentrate foreseen for pigment dilution
during a further processing step. Preferred is a range for the overall amount of pig-
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ments from 30% to 60% by weight of the aliphatic polyamide in the case of a master-
batch.

Preferred is a process for mass colouration of a composition, wherein the overall
amount of pigments is from 0.05% to 30% based on the weight of the aliphatic polyam-
ide.

Glass fibres or other reinforcing agents can be incorporated to increase the rigidity and
/ or solidity of the shaped article. Typically, they can be present in the composition con-
taining an aliphatic polyamide prior to the incorporation of the pigment mixture. Glass
fibres or other reinforcing agents can be present in a range from 5% to 75% based on
the weight of the aliphatic polyamide, in particular from 10% to 65% and especially
from 10% to 45%.

Preferred is a process for mass colouration of a composition, wherein the composition
contains glass fibres in a range from 5% to 75% based on the weight of the aliphatic
polyamide.

In order to produce non-rigid articles, for example by moulding, or to reduce their brit-
tleness, it is possible to incorporate so-called plasticisers into the composition, which is
mass-coloured by the process. Typically, the plasticisers may be incorporated into the
composition before or after incorporation of the pigment mixture. Examples for plasti-
cisers are esters of phosphoric acid, phthalic acid or sebacic acid.

Further pigments, which are different to those of formulae (1), (2) or (3), or other col-
ourants can be added to the composition in order to achieve a different colour shade.
Preferably, the amount of such a further shading dye is below 10% based on the com-
bined weight of the pigments of formulae (1) and (2), in particular below 4% and espe-
cially below 2%.

Optionally, the composition, which is mass-coloured by the process, contains further
additional ingredients such as, for example, siccatives (drying agents), waxes, carbox-
ylic acid metal salts like magnesium stearate, stabilizers like antioxidants or a copper-
containing stabilizer system.

Typically, the weight content of the aliphatic polyamide prior to the incorporation of pig-
ments of formula (1) and (2) is in the range from 60% to 100% based on the weight of
the composition less the weight content of optional glass fibres or other reinforcing
agents. In particular, the range is from 80% to 100% and especially from 90% to 100%.

Preferred is a process for mass colouration of a composition containing an aliphatic
polyamide,
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wherein the content of the aliphatic polyamide prior to the incorporation of the pigment
mixture containing a pigment of formula (1) and a pigment of formula (2) is in the range
from 60% to 100% based on the weight of the composition less the weight content of
optional glass fibres or other reinforcing agents.

In general, if a mixture of pigments, after a special treatment or a special preparation,
shows an X-ray diffraction pattern that differs form the X-ray diffraction pattern of a
mere physical mixture of its single components, said special pigment mixture is called a
solid solution. There are mainly two types of clearly-defined solid solutions, a ‘guest-
host’ type solid solution and a ‘solid compound’ type solid solution. The concept is ex-
plained in more detail in EP-A-0704496, especially at page 2, columns 1, line 55 to
column 2, line 26.

Quinacridone solid solutions and compounds are described in US 3160510.

Solid solutions containing a pigment of the 1,4-diketo-pyrrolo-[3,4-c]-pyrrole type and a
pigment of another class, for example a pigment of the quinacridone type, are de-
scribed in US 4783540.

A ternary solid solution of a pigment of formula (1), formula (2) and formula (3) is de-
scribed in EP-A-0704496 at example 5.

The special treatment to obtain a solid solution from a physical mixture can be an in-
tensive milling process, an acidic or basic re-precipitation or sometimes a special syn-
thetic process. In any case, this means an additional effort.

It has been surprisingly found, that in the case of an aliphatic polyamide, it does not
matter whether the applied mixture of a pigment of formula (1) and a pigment of for-
mula (2) is in the form of a physical mixture or in the form of a solid solution. Equally, it
does not matter for the mixture of a pigment of formula (1), a pigment of formula (2)
and a pigment of formula (3).

Preferred is a process for mass colouration of a composition containing an aliphatic
polyamide, which process comprises

- incorporation of a pigment mixture containing a pigment of formula (1) and a pigment
of formula (2),

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)isfrom 9to 1, and

- heating of the composition with the pigment mixture to a temperature in the range
form 180°C to 350°C,

wherein the pigment of formula (1) and the pigment of formula (2) are not in the form of
a solid solution, when they are incorporated into the composition.
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Preferred is a process for mass colouration of a composition containing an aliphatic
polyamide, which process comprises

- incorporation of a pigment mixture containing a pigment of formula (1), a pigment of
formula (2) and a pigment of formula (3),

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to01,

wherein a pigment of formula (3) is present in a range of 5 to 35% based on the com-
bined weight of the pigments of formulae (1) and (2), and

- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C,

wherein the pigment of formula (1), the pigment of formula (2) and the pigment of for-
mula (3) are not in the form of a solid solution, when they are incorporated into the
composition.

In an aliphatic polyamide, a copper-containing stabilizer system can be present.

A copper-containing stabilizer system contains a copper compound soluble in the ali-
phatic polyamide and an alkali metal halide. In particular, the stabilizer system consists
essentially of a copper-(l) salt, for example cuprous acetate, cuprous stearate, a cu-
prous organic complex compound such as copper acetylacetonate, a cuprous halide or
the like, and an alkali metal halide. Preferably, the stabilizer system consists essentially
of a copper halide selected from copper iodide and copper bromide and an alkali metal
halide selected from the group consisting of the iodides and bromides of lithium, so-
dium and potassium. The weight ratio of the alkali metal halide to copper-(l) halide is
preferably in the range from 2.5 to 20, in particular in the range from 8 to 10.

The amount of the copper-containing stabilizer system, i.e. the combined weight of the
copper compound and the alkali metal halide can be from 0.01 to 2% based on the
weight of the aliphatic polyamide, in particular from 0.01 to 1%.

Copper-(l) iodide and potassium iodide can be used as a copper-containing stabilizer
system for aliphatic polyamide, especially if the aliphatic polyamide is selected from the
group consisting of polyamide-6, polyamide-6.6, polyamide-6.10, polyamide-6.12,
polyamide-6.6/6, polyamide-6.10/6 and polyamide-6.12/6.

A composition containing an aliphatic polyamide is defined herein as containing a cop-
per-containing stabilizer system, if the amount of copper atoms is between 50 and
1000 ppm based on the weight of the aliphatic polyamide, in particular between 50 and
400 ppm and especially between 100 and 200 ppm.
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A composition containing an aliphatic polyamide is defined herein as free of a copper-
containing stabilizer system, if the amount of copper atoms is below 10 ppm based on
the weight of the aliphatic polyamide.

In the presence of a copper-containing stabilizer system in aliphatic polyamide, the
combination of a pigment of formula (1) and a pigment of formula (2) can result in a
very preferable heat stability at the process of mass-colouration of the composition,
which contains the aliphatic polyamide.

An example is a process for mass colouration of a composition containing an aliphatic
polyamide and a copper-based stabilizer system, which process comprises

- incorporation of a pigment mixture containing pigment of formula (1) and a pigment of
formula (2),

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)isfrom9to 1, and

heating of the composition with the pigment mixture to a temperature in the range from
180°C to 350°C,

wherein the heated composition is free of a pigment of formula (3).

An example is a process for mass colouration of a composition containing an aliphatic
polyamide, which process comprises

- incorporation of a pigment mixture containing a pigment of formula (1), a pigment of
formula (2) and a pigment of formula (3),

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to01,

wherein a pigment of formula (3) is present in a range of 5 to 35% based on the com-
bined weight of the pigments of formulae (1) and (2), and

- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C,

wherein the composition is free of a copper-containing stabilizer system.

The invention as defined herein comprises further embodiments, for which the above
described preferences for a process for mass colouration of a composition apply
equally.

A further embodiment of the invention is a composition, which is mass-coloured by a
process, which process comprises

- incorporation of a pigment mixture containing a pigment of formula (1) and (2), and
- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C, comprising

(a) an aliphatic polyamide,

(b) a pigment of formula (1)
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, and

(c) a pigment of formula (2)

H o)
N cl
LT e
cl N

5 H

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)is from 9 to 1.

A further embodiment of the invention is a composition, which is mass-coloured by a
process, which process comprises

- incorporation of a pigment mixture containing a pigment of formula (1) and (2), and
- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C, comprising

(a) an aliphatic polyamide,

(b) a pigment of formula (1),

(c) a pigment of formula (2), and

(d) a pigment of formula (3)

@)

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to0 1, and

wherein a pigment of formula (3) is present in a range of 5% to 35% based on the com-
bined weight of the pigments of formulae (1) and (2).

A further embodiment of the invention is an article made of a composition, which is
mass-coloured by a process as defined above. Examples for articles are on one side
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pellets, granules and powder. On the other side, examples of articles are fibres for car-
pets or yarns, which result from melt-spinning. Or the articles are for example con-
sumer durable electricals & electronics (E&E), power tools and automotive parts, which
result for example from injection-moulding.

A further embodiment of the invention is a method for heat stabilisation of a pigmented
mass-coloured composition containing an aliphatic polyamide, which comprises the
incorporation of a pigment mixture containing a pigment of formula (1) and a pigment of
formula (2),

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)isfrom9to 1,

into the composition and the heating of the composition with the pigment mixture to a
temperature in the range from 180°C to 350°C.

A further embodiment of the invention is a composition comprising

(a) an aliphatic polyamide,
(b) a pigment of formula (1)

M

, and

(c) a pigment of formula (2)

H o)
N cl
LT e
cl N

5 H

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)is from 9 to 1.

Preferred is a composition comprising
(a) an aliphatic polyamide,

(b) a pigment of formula (1),

(c) a pigment of formula (2), and

(d) a pigment of formula (3)
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wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to0 1, and

wherein a pigment of formula (3) is present in a range of 5% to 35% based on the com-
bined weight of the pigments of formulae (1) and (2).

A further embodiment is an article made of a composition, which contains

(a) an aliphatic polyamide,

(b) a pigment of formula (1), and

(c) a pigment of formula (2),

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)is from 9 to 1.

A further embodiment of the invention is the use of a pigment mixture containing a
pigment of formula (1) and a pigment of formula (2), wherein the weight ratio between
the pigment of formula (1) and the pigment of formula (2) is from 9 to 1, for a heat-
stable mass-coloration of a composition containing an aliphatic polyamide.

In the examples, the following materials are used.

Commercially available C.I. Pigment Red 254 of formula (1) without other additives, i.e.
Irgazin Red 2030 (RTM, BASF), is used.

Commercially available C.I. Pigment Red 202 of formula (2) without other additives is
used.

A solid solution of C.I. Pigment Red 254 (48% by weight), C.I. Pigment Red 255 (32%
by weight) and C.I. Pigment Red 202 (20% by weight) is used. The solid solution can
be prepared according to example 5 at US 5529623.

Measurement of colour

dE* is a measure for colour difference in the CIELAB system and is described for ex-
ample in ‘Industrial colour testing, fundamentals and techniques’, Hans G. Voelz,
Wiley-VCH, Weinheim, Germany, 2001 (2" edition).
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Plaques for colour testing
All plagues for colour testing have been moulded in a 30mm x 55 mm x 1.5 mm injec-
tion tool equipped with a film gate.

Example 1

- comparative -

2 g of Irgazin Red 2030 and 1000 g of Ultramid B3K (polyamide-6, RTM, BASF) are
dry-mixed in a tumble mixer for 20 minutes. The mixture is extruded in a twin-screw
extruder at 220°C. The resultant pellets are processed on an injection moulding ma-
chine at 240°C, 260°C, 280°C and 300 °C to give plagues measuring 55 mm x 30 mm
x 1.5 mm. Following injection moulding, the plaques are thermally conditioned in an
oven at 75°C for one week and stored at room temperature for at least 15 hours. Fi-
nally, the colours of the plaques are precisely measured.

The plaques processed at 260°C, 280°C and 300°C lose progressively the vibrant red
coloration measured at 240°C with dE* values relative to the colour at 240°C of 9.1,
27.7 and 42.0 respectively.

Example 2

- according to the invention -

2 g of a solid solution of C.l. Pigment Red 254 (48% by weight), C.I. Pigment Red 255
(32% by weight) and C.1. Pigment Red 202 (20% by weight) and 1000 g of Ultramid
B3K (polyamide-6, RTM BASF) are dry-mixed in a tumble mixer for 20 minutes. The
mixture is extruded in a twin-screw extruder at 220°C. The resultant pellets are proc-
essed on an injection moulding machine at 240°C, 260°C, 280°C and 300°C to give
plagues measuring 55 mm x 30 mm x 1.5 mm. Following injection moulding, the
plagues are thermally conditioned in an oven at 75°C for one week and stored at room
temperature for at least 15 hours. Finally, the colours of the plaques are precisely
measured.

The plaques processed at 260°C, 280°C and 300°C keep the vibrant red colour meas-
ured at 240°C, with dE* values of only 2.3, 1.0 and 2.0 respectively.

Example 3

- according to the invention —

3.5 g of C.I. Pigment Red 254 and 1.5 g of C.1. Pigment Red 202 are dry-mixed with 5
steatite balls of 1 cm diameter in a tumble mixer for 20 minutes. 2 g of this blend and
1000 g of Ultramid B3K (polyamide-6, RTM BASF) are dry-mixed in a tumble mixer for
20 minutes. The mixture is extruded in a twin-screw extruder at 220°C. The resultant
pellets are processed on an injection moulding machine at 240°C, 260°C, 280°C and
300°C to give plagues measuring 55 mm x 30 mm x 1.5 mm. Following injection mould-
ing, the plaques are thermally conditioned in an oven at 75°C for one week and stored
at room temperature for at least 15 hours. Finally, the colours of the plagues are pre-
cisely measured.
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The plaques processed at 260°C, 280°C and 300°C keep the vibrant red colour meas-
ured at 240°C, with dE* values of only 2.0, 1.8 and 4.5 respectively.

Example 4

- according to the invention —

2 g of a solid solution of C.I. Pigment Red 254 (48% by weight), C.I. Pigment Red 255
(32% by weight) and C.1. Pigment Red 202 (20% by weight), and 1000 g of Ultramid
A3SK (polyamide-6.6, RTM BASF) are dry-mixed in a tumble mixer for 20 minutes. The
mixture is extruded in a twin-screw extruder at 260°C. The resultant pellets are proc-
essed on an injection moulding machine at 280°C, 290°C and 300 °C to give plaques
measuring 55 mm x 30 mm x 1.5 mm. Following injection moulding, the plaques are
thermally conditioned in an oven at 75°C for one week and stored at room temperature
for at least 15 hours. Finally, the colours of the plaques are measured precisely.

The plaques processed at 290°C keep the vibrant red colour measured at 280°C, with
a dE* value in relation to the colour at 280°C of only 2.2.

Example 5

- according to the invention —

2 g of a solid solution of C.l. Pigment Red 254 (48% by weight), C.I. Pigment Red 255
(32% by weight) and C.1. Pigment Red 202 (20% by weight), and 1000 g of Ultramid
A3EG6 (RTM BASF, glass fibre reinforced polyamide-6.6 with a glass fibre content of
30%) are dry-mixed in a tumble mixer for 20 minutes. The mixture is extruded in a twin-
screw extruder at 260°C. The resultant pellets are processed on an injection moulding
machine at 280°C, 290°C, 300°C and 310°C to give plagues measuring 55 mm x 30
mm x 1.5 mm. No thermal conditioning is applied. The colours of the plaques are pre-
cisely measured.

The plaques processed at 290°C, 300°C and 310°C keep the vibrant red colour meas-
ured at 280°C with dE* values in relation to the colour at 280°C of only 2.2, 2.4 and 4.9
respectively.
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Claims

1. A process for mass colouration of a composition containing an aliphatic polyamide,
which process comprises
5 -incorporation of a pigment mixture containing

a pigment of formula (1)
Cl

M

and
a pigment of formula (2)

H o)
N cl
LT e
cl N
5 H

10 wherein the weight ratio between the pigment of formula (1) and the pigment of
formula (2) is from 9 to 1, and

- heating of the composition with the pigment mixture to a temperature in the range
from 180°C to 350°C.

15 2. Aprocess according to claim 1, wherein the aliphatic polyamide is obtainable
from polycondensation of a diamine of formula (al)

H,N-X-NH, (al)
wherein

20 X is Co-Cqz-alkylene, Cs-Ci2-cycloalkylene or Cs-Cio-cycloalkane-bis-(C1-Cs-
alkylene);

and of a dicarboxylic acid of formula (all)

HOOC—Y-COOH @alh
25 wherein

X is C2-Cq2-alkylene, Cs-C12-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1;
30

from polycondensation of an aminocarboxylic acid of formula (alll),
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H,N—Z- COOH (allly
wherein
Z is C,-Cqz-alkylene, Cs-Cq2-cycloalkylene or Cs-C1o-cycloalkane-bis-(C+-Cs-
alkylene);

or

from polycondensation of a diamine of formula (al), a dicarboxylic acid of formula
(all) and an aminocarboxylic acid of formula (alll);

wherein the molar ratio between a diamine of formula (al) and a dicarboxylic acid
of formula (all) is close to 1.

3. A process according to claims 1 or 2, wherein the weight ratio between the pigment
of formula (1) and the pigment of formula (2) is from 4 to 1.

4. A process according to anyone of claims 1 to 3, wherein the aliphatic polyamide is
selected from the group consisting of polyamide-6, polyamide-6.6, polyamide-6.10,

polyamide-6.12, polyamide-6.6/6, polyamide-6.10/6 and polyamide-6.12/6.

5. A process according to anyone of claims 1 to 4, wherein the heated composition with
the pigment mixture is extruded.

6. A process according to anyone of claims 1 to 5, wherein the temperature is in the
range from 200°C to 330°C.

7. A process according to anyone of claims 1 to 6, wherein the composition contains
glass fibres in a range from 5% to 75% based on the weight of the aliphatic polyamide.

8. A process according to claims 1 to 7, wherein the pigment mixture, which is incorpo-
rated, contains a further pigment of formula (3)

@)

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to0 1, and

wherein the pigment of formula (3) is present in a range of 5% to 35% based on the
combined weight of the pigments of formulae (1) and (2).
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9. A process according to claims 1 to 8, wherein the overall amount of pigments is from
0.05% to 30% based on the weight of the aliphatic polyamide.

10. A composition, which is mass-coloured by a process as defined in claim 1, compris-
ing

(a) an aliphatic polyamide,

(b) a pigment of formula (1)

M

, and

(c) a pigment of formula (2)

H o)
N cl
LT e
cl N

5 H

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)is from 9 to 1.

11. An article made of a composition as defined in claim 10.

12. A method for heat stabilisation of a pigmented mass-coloured composition as de-
fined in claim 10, which comprises the incorporation of a pigment mixture containing a
pigment of formula (1) and a pigment of formula (2), wherein the weight ratio between
the pigment of formula (1) and the pigment of formula (2) is from 9 to 1, into the com-
position and the heating of the composition with the pigment mixture to a temperature
in the range from 180°C to 350°C.

13. A composition comprising
(a) an aliphatic polyamide,
(b) a pigment of formula (1)
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, and

(c) a pigment of formula (2)

H o)
N cl
LT e
cl N

5 H

wherein the weight ratio between the pigment of formula (1) and the pigment of formula
(2)is from 9 to 1.

14. A composition according to claim 13, which comprises as a further component
(d) a pigment of formula (3)

@)

wherein the weight ratio of a pigment of formula (1) to a pigment of formula (2) is from
4to 1, and

wherein a pigment of formula (3) is present in a range of 5% to 35% based on the com-
bined weight of the pigments of formulae (1) and (2).

15. The use of a pigment mixture as defined in claim 1 for a heat-stable mass-
coloration of a composition containing an aliphatic polyamide.
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