
2 3 DEC 2004 Stabilized black polyoxymethylene molding compositions The
invention relates to thermoplastic molding compositions  5 comprising, as
substantive components, A) from 5% by weight to (99.99% by weight minus 1
ppb),  based on components A) to D), of a polyoxymethylene homo- or
copolymer, 10 B) from 1 ppb to 1% by weight based on the molding
compositions made from A) to D), of at least one  polyethyleneimine homo-
or copolymer, 15 C) from 0.01 to 15% by weight of carbon black, and  D)
from 0 to 80% by weight of other additives, where the total of percentages
by weight of components A) to D)  20 is always 100%. The invention further
relates to the use of the molding  compositions of the invention for
producing moldings of any type,  and to the resultant moldings, and also to
the use of 25 polyethyleneimines for stabilizing polyoxymethylenes
comprising  carbon black, in particular under thermal stress.
Polyoxymethylene homo- and copolymers have been known for a long  time. The
polymers have many excellent properties and are 30 therefore suitable for a
wide variety of industrial applications.  However, there-have been many
attempts to find means of improving  their processability, e.g. their
flowability, setting time, etc.,  and/or to improve the mechanical
properties, and also the dimensional stability, of moldings produced from
polymers of this  35 type. DE-A-23 19 359 teaches that molding compositions
composed of from  98 to 25% by weight of oxymethylene copolymers and from 2
to 75%  by weight of acicular calcium metasilicate have improved 40
processability, dimensional stability and heat-aging properties. The prior
art also includes the stabilization of polyoxymethylene  molding
compositions by suitable additives. To this end,  antioxidants, e.g.
stearically hindered phenol derivatives, are 45 added to the
polyoxymethylene molding compositions. Phenol  derivatives of this type are
summarized in DE-A-27 02 661. 2 3 DEC 2004 2  EP-A-19 761 incorporates
alkoxymethylmelamines into  glass-fiber-reinforced polyoxymethylene molding
compositions to  improve their impact strength. According to EP-A-52 740,
adding a  partially etherified specific melamine-formaldehyde condensation 



5 product gives polyoxymethylene molding compositions resistant to
exposure to heat in the range from 100 to 150C for a prolonged  period.
DE-A-3 011 280 describes stabilized oxymethylene  copolymer compositions
which have a stabilizer comprising a  mixture made from at least one
amino-substituted triazine and 10 from at least one sterically hindered
phenol and from at least  one metal-containing compound. The
metal-containing compounds  here are preferably composed of potassium
hydroxide, calcium  hydroxide, magnesium hydroxide, or magnesium carbonate.
15 However, despite these measures, known polyoxymethylene molding
compositions have insufficient thermal stability for some  applications,
and this adversely affects their processing to give  moldings and, for
example, contributes to the formation of  deposits on the mold or to poorer
demolding, and/or leads to 20 discoloration and impairment of mechanical
properties during  subsequent use of the moldings. Another disadvantage is
that the  mixtures may still comprise. formaldehyde adducts which during
processing at elevated temperatures can lead to odor problems and
molecular-weight reduction via elimination of formaldehyde. 25 DE-A 36 28
560, DE-A 36 28 561 and DE-A 36 28 562 disclose  polyoxymethylene molding
compositions in which the stabilizers  present comprise a mixture made from
sterically hindered phenols  and from alkaline earth metal silicates and
from alkaline earth 30 metal glycerophosphates. According to the
description, it is also  possible to use polyamides as further
costabilizers. Although  these compositions have improved thermal
stability, they remain  unsatisfactory for color quality and
molecular-weight  degradation. 35 DE-A 198 37 686 proposes black POM
molding compositions which  comprise redox agents as stabilizers.
Polyethyleneimines are likewise known per se and are used in 40
papermaking: they aggregate the paper fibers and bind undesirable  minor
components, i.e. they are used as aggregators and as  flocculators and
complexers, improving the wet strength of the  paper. Polyethyleneimines
are also used in the production of  colorants and coatings, and in
laminated polypropylene composite 45 films, and in the production of
petroleum and of natural gas, and  finally for immobilizing enzymes. See
Ullmann's Encyclopedia of  Industrial Chemistry, 6th edn., 1999 Electronic
Release, Verlag 2 3 DEC 2004 3  



VCH Weinheim, Keyword "Aziridines", Chap. 6 "Uses" (referred to  below as
"Ullmann Electronic Release"). The use of  polyethyleneimines as a
constituent of thermoplastic molding  compositions has not been disclosed.
5 It is an object of the present invention, therefore, to provide
polyoxymethylene molding compositions comprising carbon black and  having
improved thermal stability and reduced tendency toward  molecular-weight
degradation during processing (in particular 10 caused by addition of
carbon black). We have found that this object is achieved by means of the
molding compositions defined at the outset. Preferred embodiments  are
given in the subclaims. The use of polyethyleneimine for 15 increasing the
thermal stability of polyoxymethylenes has also  been found, particularly
that of polyoxymethylenes which have  black to gray coloration. As
component A), the molding compositions of the invention 20 comprise from 5%
by weight to (99.99% by weight minus 1 ppb) of  at least one
polyoxymethylene homo- or copolymer. The proportion  of A) is preferably
from 30% by weight to (99.95% by weight minus  1 ppm), and in particular
from (80% by weight minus 1 ppm) to  (99.9% by weight minus 1 ppm). These
data are based on the 25 molding compositions made from A) to D). ppb means
parts per  billion (by weight) = 1:109, and ppm means parts per million (by
weight) = 1:106. The term (99.99% by weight minus 1 ppb) means the
proportion in  30 percent by weight obtained when 1 ppb is substrated from
99.99% by weight. The-term is written in this way for reasons of clarity
rather than as 99.999... with a large number of nines after the  decimal
point. The same applies to the terms (99.95 or 99.99% by  weight minus 1
ppm) and (80% by weight minus 1 ppm). 35 Polymers of this type are known to
the skilled worker and are  described in the literature. These polymers
very generally have at least 50 mold of recurring  40 -CH2O- units in their
main polymer chain. The homopolymers are generally prepared by polymerizing
formaldehyde or trioxane, preferably in the presence of suitable
catalysts. 45 2 3 DEC 2004 4  Very generally, these polymers comprise at
least 50 mold of -CH2O- 



repeat units in the main polymer chain. The homopolymers are generally
prepared by polymerizing 5 formaldehyde or trioxane, preferably in the
presence of suitable  catalysts. For the purposes of the invention,
component A is preferably  polyoxymethylene copolymers, especially those
which, besides the 10 recurring -CH2O- units, also have up to 50 mol%,
preferably from  0.1 to 20 mol%, in particular from 0.3 to 10 mol%, and
very  particularly preferably from 2 to 6 mold, of repeat units R2 R3 15 I
I -0-C-C- (R5)n- I R1 R4 20 where RI to R4, independently of one another,
are hydrogen,  C1-C4-alkyl or halogen-substituted alkyl having from 1 to 4
carbon  atoms, and R5 is -CH2-, -CH2O-, C1-C4-alkyl- or
C1-C4-haloalkyl-substituted methylene or a corresponding 25 oxymethylene
group, and n is from 0 to 3. These groups may be  advantageously introduced
into the copolymers by ring-opening of  cyclic ethers. Preferred cyclic
ethers have the formula R2 30 R1 -C-O I I 35 R3 - C- (R5) n  I R4 where R1
to R5 and n are as defined above. Mention may be made,  merely as examples,
of ethylene oxide, propylene 1,2-oxide,  butylene 1,2-oxide, butylene
1,3-oxide, 1,3-dioxane,  1,3-dioxolane and 1,3-dioxepan as cyclic ethers,
and also linear 40 oligo- and polyformals, such as polydioxolane or
polydioxepan as  comonomers. Other suitable components A) are oxymethylene
terpolymers,  prepared, for example, by reacting trioxane, one of the
cyclic 45 ethers described above and a third monomer, preferably
bifunctional compounds of the formula 2 3 DEC 2004 5 



CH2- CH- CH2- Z- CH2- CH- CH2 \ 0/ `0/ 5 and/or ~Z I  0-0 0'_"0 10 where Z
is a chemical bond, -0-, -ORO- (R= C1-C8-alkylene or  C2-C8-cycloalkylene).
Preferred monomers of this type are ethylene diglycide,  diglycidyl ether
and diethers made from glycidyl compounds and 15 formaldehyde, dioxane or
trioxane in a molar ratio of 2 : 1, and  also diethers made from 2 mol of
glycidyl compound and 1 mol of  an aliphatic diol having from 2 to 8 carbon
atoms, for example  the diglycidyl ethers of ethylene glycol,
1,4-butanediol, 1,3-butanediol, 1,3-cyclobutanediol, 1,2-propanediol or  20
1,4-cyclohexanediol, to mention merely a few examples. Processes for
preparing the homo- and copolymers described above  are known to the person
skilled in the art and described in the  literature, and further details
are therefore superfluous here. 25 The preferred polyoxymethylene
copolymers have melting points of  at least 15000 and molecular weights
(weight-average) MW in the  range from 5000 to 200,000, preferably from
7000 to 150,000. 30 Particular preference is given to end-group-stabilized
polyoxymethylene polymers which have C-C bonds at the ends of the  chains.
According to the invention, as component B), the thermoplastic  35 molding
compositions comprise from 1 ppb to 1% by weight of at least one
polyethyleneimine homo- or copolymer. The proportion of  B) is preferably
from 1 ppm to 0.5% by weight, and in particular  from 1 ppm to 3000 ppm.
These data are based on the molding  compositions made from A) to D). The
terms ppb and ppm have been 40 defined above under component A). For the
purposes of the present invention, polyethyleneimines are  either homo- or
copolymers, prepared by the processes in Ullmann  Electronic Release under
the keyword Aziridines or as in WO-A 45 94/12560, for example. 2 3 DEC 2004
6  The homopolymers are generally obtainable by polymerizing  ethyleneimine
(aziridine) in aqueous or organic solution in the  presence of
acid-releasing compounds, acids or Lewis acids.  Homopolymers of this type
are branched polymers which generally 



5 contain primary, secondary and tertiary amino groups in a ratio  of about
30%:40%:30%. The distribution of the amino groups can  generally be
determined by 13C NMR spectroscopy. Comonomers used are preferably
compounds having at least two  10 amino functions. Suitable comonomers
which may be mentioned as examples are alkylenediamines having from 2 to 10
carbon atoms in  the alkylene radical, preferably ethylenediamine or
propylenediamine. Other suitable comonomers are  diethylenetriamine,
triethylenetetramine, tetraethylenepentamine, 15 dipropylenetriamine,
tripropylenetetramine,  dihexamethylenetriamine, aminopropylethylenediamine
and  bisaminopropylethylenediamine. Polyethyleneimines usually have an
average molecular weight 20 (weight-average) of from 100 to 3,000,000,
preferably from 800 to  2,000,000 (determined by light scattering). The
viscosity to ISO  2555 (at 20C) is generally within the range from 100 to
200,000  mPas, preferably from 1000 to 100,000 mPas. 25 Other suitable
polyethyleneimines are crosslinked  polyethyleneimines obtainable by
reacting polyethyleneimines with  bi- or polyfunctional crosslinkers
having, as functional group,  at least one halohydrin, glycidyl, aziridine,
or isocyanate unit,  or a halogen atom. Examples which may be mentioned are
30 epschlorohydrin, and bischlorohydrin ethers of polyalkylene  glycols
having-from 2 to 100 units of ethylene oxide and/or of  propylene oxide,
and also the compounds listed in DE-A 19 93 17  20 and US 4 144 123.
Processes for preparing crosslinked polyethyleneimines are known, for
example from the abovementioned  35 publications, and also EP-A 895 521 and
EP-A 25 515. Grafted polyethyleneimines are also suitable, and the grafting
agents used here may be any compounds which can react with the  amino
and/or imino groups of the polyethyleneimines. Suitable  40 grafting agents
and processes for preparing grafted polyethyleneimines are found in
EP-A-675 914, for example. Other suitable polyethyleneimines for the
purposes of the  invention are amidated polymers, usually obtainable by
reacting 45 polyethyleneimines with carboxylic acids, their esters or
anhydrides, carboxamides, or carbonyl halides. Depending on the  proportion
of amidated nitrogen atoms in the polyethyleneimine 2 3 DEC 2004 7  chain,
the amidated polymers may subsequently be crosslinked  using the
crosslinkers mentioned. It is preferable here for up to  30% of the amino
functions to be amidated, so that there are  



still sufficient primary and/or secondary nitrogen atoms 5 available for a
subsequent crosslinking reaction. Alkoxylated polyethyleneimines are also
suitable, and are  obtainable by reacting polyethyleneimine with ethylene
oxide  and/or with propylene oxide, for example. These alkoxylated 10
polymers, too, may be subsequently crosslinked. Polyethyleneimines
containing hydroxyl groups, and amphoteric  polyethyleneimines
(incorporating anionic groups) may also be  mentioned as other suitable
polyethyleneimines of the invention, 15 as may lipophilic
polyethyleneimines, which are generally  obtained by incorporating
long-chain hydrocarbon radicals into  the polymer chain. Processes for
preparing polyethyleneimines of  this type are known to the skilled worker,
and it is therefore  unnecessary to give further details in this
connection. 20 As component C), the compositions of the invention comprise
from  0.01 to 15% by weight, preferably from 0.05 to 10% by weight, and  in
particular from 0.1 to 5% by weight, of carbon black. Suitable  carbon
blacks have a pore volume (DPB dibutyl phthalate 25 adsorption) to DIN 53
601 of at least 30 ml/100 g, preferably at  least 50 ml/100 g. The DBP
adsorption rate is generally determined to DIN 53 601 or  ASTM D2414, and
is a dimension relating to the structure of the  30 particular carbon
black. For the purposes of the present invention, the-structure of the
carbon black is the extent of  linkage of primary carbon black particles to
form aggregates.  This parameter is determined by placing 10 g of carbon
black in a kneader in which the force applied can be measured
(Plastograph),  35 and adding dibutyl phthalate dropwise until the point of
maximum  torque (wetting point for the carbon black) has been passed.
Component C) preferably has a BET specific surface area (to DIN  60 132 or
ASTM D3037) of at least 20 m2/g, preferably 300 m2/g. 40 The average
primary particle size is usually from 5 to 50 nm,  preferably from 12 to 35
rim. Examples of carbon black grades of this type are obtainable with  45
the trademark Printex(r) XE2 (Degussa AG) or Ketjen Black EC DJ 600 (Akio),
or else as furnace blacks, such as Printex(r) 90, 75, 80, 2 3 DEC 2004 8
85, or 95. As component D), the molding compositions of the invention may
comprise from 0 to 80% by weight, preferably from 0 to 30% by  



5 weight, of other additives. Suitable sterically hindered phenols D) are
in principle any of  the compounds having a phenolic structure and having
at least one  bulky group on the phenolic ring. 10 Examples of compounds
whose use is preferred are those of the  formula 15 HO 20 where: R1 and R2
are alkyl, substituted alkyl or a substituted triazole  group, where RI and
R2 may be identical or different, and R3 is  25 alkyl, substituted alkyl,
alkoxy or substituted amino. Antioxidants of the type mentioned are
described, for example, in  DE-A 27 02 661 (US-A 4 360 617). 30 Another
group of preferred sterically hindered phenols derives  from substituted
benzenecarboxylic acids, in particular from  substituted benzenepropionic
acids. Particularly preferred compounds of this class have the formula 35
HO 40 R2 R3 0 0  i CH2-CH2- C-O-R6- 0--- C-CH2----CH2-{\ /)OH where R4, R5,
R7 and R8, independently of one another, are  CI-CB-alkyl which may in turn
have substitution (at least one of  these. is a bulky group) and R6 is a
bivalent aliphatic radical 45 which has from 1 to 10 carbon atoms and may
also have C-0 bonds  in its main chain. 2 3 DEC 2004 9  Preferred compounds
of this formula are C H3 CH3  CH C 0 {  0 C-CH3  5   HO- -'\\
/)-CH2CH2-C-O-CHZ CH2 O-CH2-CH2-O-CH2-CH2-O-C-CH2-CH2-~\ 1\1 QH 



CH3 10 (Irganox(r) 245 from Ciba-Geigy) 15 CH3` 1 H3 C0 0 CHJ-~11 11 CH3  I
CH3 -C-CH3 H \ -CH2CH2 C-0(CH2)6-0-C-CH2-CH2- \ /)-OH CH 20 CH3 CH3
(Irganox(r) 259 from Ciba-Geigy) 3  C CH3 CH3 CH3 The examples of
sterically hindered phenols which should be  mentioned are: 25
2,2'-methylenebis(4-methyl-6-tert-butylphenol), 1,6-hexanediol
bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate],  pentaerythritol
tetrakis[3-(3,5-di-tert-butyl-4- hydroxyphenyl)propionate], distearyl
3,5-di-tert-butyl-4 30 hydroxybenzylphosphonate, 2,6,7-trioxa-l-
phosphabicyclo42.2.2]oct-4-ylmethyl 3,5-di-tert-butyl-
4-hydroxyhydrocinnamate, 3,5-di-tert-butyl-4-hydroxyphenyl- 3,
5-distearylthiotriazylamine, 2-(2'-hydroxy-
3'-hydroxy-3',5'-di-tert-butylphenyl)-5-chlorobenzotriazole, 35
2,6-di-tert-butyl-4-hydroxymethylphenol, 1, 3,5-trimethyl-
2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene,
4,4'-methylenebis(2,6-di-tert-butylphenyl), 3,5-di-tert-
butyl-4-hydroxybenzyldimethylamine and N,N'-hexamethylenebis-
3,5-di-tert-butyl-4-hydroxyhydrocinnamide. 40 Compounds which have proven
especially effective and which are  therefore preferably used are
2,2'-methylenebis(4-methyl-6- tert-butylphenol), 1,6-hexanediol
bis(3,5-di-tert-butyl- 4-hydroxyphenylpropionate) (Irganox(r) 259),
pentaerythritol 45
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate] and the 2 3 DEC
2004 



10 Irganox(r) 245 described above from Ciba Geigy, which is  particularly
suitable. The amounts present of the antioxidants (D), which may be used  5
individually or as mixtures, are usually up to 2% by weight, preferably
from 0.005 to 2% by weight, in particular from 0.1 to  1% by weight, based
on the total weight of the molding  compositions A) to C). 10 Sterically
hindered phenols which have proven particularly  advantageous, in
particular when assessing color stability on  storage in diffuse light over
prolonged periods, in some cases  have no more than one sterically hindered
group in ortho position  to the phenolic hydroxyl. 15 The polyamides which
can be used as component D) are known per  se. Use may be made of partly
crystalline or amorphous resins as  described, for example, in the
Encyclopedia of Polymer Science  and Engineering, Vol. 11, John Wiley &
Sons, Inc., 1988, pp. 20 315-489. The melting point of the polyamide here
is preferably  below 225C, and particularly preferably below 215C. Examples
of these are polyhexamethyleneazelamide,    polyhexamethylenesebacamide,
polyhexamethylenedodecanediamide,  25 poly-11-aminoundecanamide and
bis(p-aminocyclohexyl)methanedodecanediamide, and the products  obtained by
ring-opening of lactams, for example polylaurolactam.  Other suitable
polyamides are based on terephthalic or  isophthalic acid as acid component
and 30 trimethylhexamethylenediamine or bis(p-aminocyclohexyl)propane as
diamine component and polyamide base resins prepared by  copolymerizing two
or more of the abovementioned polymers or  components thereof. 35
Particularly suitable polyamides which may be mentioned are  copolyamides
based on caprolactam, hexamethylenediamine,
p,p'-diaminodicyclohexylmethane and adipic acid. An example of  these is
the product marketed by BASF Aktiengesellschaft under  the name Ultramid(r)
1 C. 40 Other suitable polyamides are marketed by Du Pont under the name
Elvamide(r) . 45 2 3 DEC 2004 11  The preparation of these polyamides is
also described in the  



abovementioned text. The ratio of terminal amino groups to  terminal acid
groups can be controlled by varying the molar ratio  of the starting
compounds. 5 The proportion of the polyamide in the novel molding
composition  is up to 2% by weight, by preference from 0.005 to 1.99% by
weight, preferably from 0.01 to 0.08% by weight. 10 The dispersibility of
the polyamides used can be improved in some  cases by concomitant use of a
polycondensation product made from  2,2-di(4-hydroxyphenyl)propane
(bisphenol A) and epichlorohydrin. Condensation products of this type made
from epichlorohydrin and  15 bisphenol A are commercially available.
Processes for their preparation are also known to the person skilled in the
art.  Tradenames of the polycondensates are Phenoxy(r) (Union Carbide
Corporation) and Epikote(r) (Shell). The molecular weight of the
polycondensates can vary within wide limits. In principle, any of 20 the
commercially available grades is suitable. Other stabilizers which may be
present in the novel  polyoxymethylene molding compositions are one or more
alkaline  earth metal silicates and/or alkaline earth metal 25
glycerophosphates in amounts of up to 2.0% by weight, preferably  from
0.005 to 0.5% by weight and in particular from 0.01 to 0.3%  by weight,
based on the total weight of the molding compositions.  Alkaline earth
metals which have proven preferable for forming  the silicates and
glycerophosphates are calcium and, in 30 particular, magnesium. Useful
compounds are calcium  glycerophosphate and preferably magnesium
glycerophosphate and/or  calcium silicate and preferably magnesium
silicate. Particularly  preferable alkaline earth metal silicates here are
those described by the formula  35 Me  x SiO2  n H2O where: 40 Me is an
alkaline earth metal, preferably calcium or in  particular magnesium, x is
a number from 1.4 to 10, preferably from 1.4 to 6, and 45 n is greater than
or equal to 0, preferably from 0 to 8. 2 3 DEC 2004 12  The compounds are
advantageously used in finely ground form.  Particularly suitable products
have an average particle size of  less than 100 um, preferably less than 50
um. 5 Preference is given to the use of calcium silicates and magnesium  



silicates and/or calcium glycerophosphates and magnesium
glycerophosphates. Examples of these may be defined more  precisely by the
following characteristic values: 10 Calcium silicate and magnesium
silicate, respectively:  content of CaO and MgO, respectively: from 4 to
32% by weight,  preferably from 8 to 30% by weight and in particular from
12 to  25% by weight, ratio of SiO2 to CaO and SiO2 to MgO, respectively
(mol/mol) 15 from 1.4 to 10, preferably from 1.4 to 6 and in particular
from  1.5 to 4, bulk density: from 10 to 80 g/100 ml, preferably from 10 to
40 g/100 ml, and average particle size: less than 100 m,  preferably less
than 50 um. 20 Calcium glycerophosphates and magnesium glycerophosphates,
respectively:' content of CaO and MgO, respectively: above 70% by weight,
preferably above 80% by weight, 25 residue on ashing: from 45 to 65% by
weight,  melting point: above 300C, and average particle size: less than
100 m, preferably less than  50 m. 30 Preferred lubricants D) which may be
present in the novel molding  compositions axe, in amounts of up to 5
[lacuna], preferably from  0.09 to 2 [lacuna) and in particular from 0.1 to
0.7 [lacuna], at  least one ester or amide of saturated or unsaturated
aliphatic  carboxylic acids having from 10 to 40 carbon atoms, preferably
35 from 16 to 22 carbon atoms, with polyols or with saturated  aliphatic
alcohols or amines having from 2 to 40 carbon atoms,  preferably from 2 to
6 carbon atoms, or with an ether derived  from alcohols and ethylene oxide.
40 The carboxylic acids may be mono- or dibasic. Examples which may  be
mentioned are pelargonic acid, palmitic acid, lauric acid,  margaric acid,
dodecanedioic acid, behenic acid and, particularly  preferably, stearic
acid, capric acid and also montanic acid (a  mixture of fatty acids having
from 30 to 40 carbon atoms). 45 2 3 DEC 2004 13  The aliphatic alcohols may
be mono- to tetrahydric. Examples of  alcohols are n-butanol, n-octanol,
stearyl alcohol, ethylene  glycol, propylene glycol, neopentyl glycol and
pentaerythritol,  and preference is given to glycerol and pentaerythritol. 



5 The aliphatic amines may be mono- to tribasic. Examples of these  are
stearylamine, ethylenediamine, propylenediamine,  hexamethylenediamine and
di(6-aminohexyl)amine, and particular  preference is given to
ethylenediamine and hexamethylenediamine. 10 Correspondingly, preferred
esters and amides are glycerol  distearate, glycerol tristearate,
ethylenediammonium distearate,  glycerol monopalmitate, glycerol
trilaurate, glycerol  monobehenate and pentaerythritol tetrastearate. 15 It
is also possible to use mixtures of different esters or amides  or esters
with amides combined, in any desired mixing ratio. Other suitable compounds
are polyether polyols and polyester  polyols which have been esterified
with mono- or polybasic 20 carboxylic acids, preferably fatty acids, or
have been  etherified. Suitable products are available commercially, for
example Loxiol(r) EP 728 from Henkel KGaA. Preferred ethers derived from
alcohols and ethylene oxide have  25 the formula RO (CH2 CH2 O)n H where R
is alkyl having from 6 to 40 carbon atoms and n is an  30 integer greater
than or equal to 1. R is particularly preferably a saturated C16-C18 fatty
alcohol  with n - 50, obtainable commercially from BASF as Lutensol(r) AT
50. 35 The novel molding compositions may comprise from 0 to 5% by  weight,
preferably from 0.001 to 5% by weight, particularly  preferably from 0.01
to 3% by weight and in particular from 0.05 to 1% by weight, of a
melamine-formaldehyde condensate. This is  preferably a crosslinked,
water-insoluble precipitation 40 condensate in finely divided form. The
molar ratio of  formaldehyde to melamine is preferably from 1.2:1 to 10:1,
in  particular from 1.2:1 to 2:1. The structure of condensates of  this
type and processes for their preparation are found in DE-A  25 40 207. 45 2
3 DEC 2004 14  The novel molding compositions may comprise from 0.0001 to
1% by  weight, preferably from 0.001 to 0.8% by weight, and in  particular
from 0.01 to 0.3% by weight, of a nucleating agent as  component D). 5
Possible nucleating agents are any known compounds, for example  



melamine cyanurate, boron compounds, such as boron nitride,  silica,
pigments, e.g. Heliogen(r) Blue (copper phthalocyanine  pigment; registered
trademark of BASF Aktiengesellschaft), or 10 branched polyoxymethylenes,
which in these small amounts have a  nucleating action. Talc in particular
is used as a nucleating agent and is a  hydrated magnesium silicate of the
formula Mg3[(OH)2/Si4O10] or 15 MgO.4SiO2H2O. This is termed a three-layer
phyllosilicate and has  a triclinic, monoclinic or rhombic crystal
structure and a  lamellar appearance. Other trace elements which may be
present  are Mn, Ti, Cr, Ni, Na and K, and some of the OH groups may have
been replaced by fluoride. 20 Particular preference is given to the use of
talc in which 100%  of the particle sizes are < 20 m. The particle size
distribution  is usually determined by sedimentation analysis and is
preferably: 25 30 <20 m100% by weight <10 m99% by weight <5 M85%by weight
<3 pm60%by weight <2 m43%by weight Products of this type are commercially
available as Micro-Talc  I.T. extra (Norwegian Talc Minerals). 35 Examples
of fillers which may be mentioned are amounts of up to  50% by weight,
preferably from 5 to 40% by weight, of potassium  titanate whiskers, carbon
fibers, and preferably glass fibers.  The glass fibers may, for example, be
used in the form of glass  wovens, mats, nonwovens and/or glass filament
rovings or chopped 40 glass filaments made from low-alkali E glass and
having a  diameter of from 5 to 200 m, preferably from 8 to 50 Jim. After
they have been incorporated, the fibrous fillers preferably have  an
average length of from 0.05 to 1 m, in particular from 0.1 to  0.5 um. 45 2
3 DEC 2004 15  Examples of other suitable fillers are calcium carbonate and
glass beads, preferably in ground form, or mixtures of these  fillers. 5
Other additives which may be mentioned are amounts of up to 50%  



by weight, preferably from 0 to 40% by weight, of  impact-modifying
polymers (also referred to below as elastomeric  polymers or elastomers).
10 Preferred types of such elastomers are those known as
ethylene-propylene (EPM) and ethylene-propylene-diene (EPDM)  rubbers. EPM
rubbers generally have practically no residual double bonds,  15 whereas
EPDM rubbers may have from 1 to 20 double bonds per 100  carbon atoms.
Examples which may be mentioned of diene monomers for EPDM  rubbers are
conjugated dienes, such as isoprene and butadiene, 20 nonconjugated dienes
having from 5 to 25 carbon atoms, such as  1,4-pentadiene, 1,4-hexadiene,
1,5-hexadiene,  2,5-dimethyl-1,5-hexadiene and 1,4-octadiene, cyclic
dienes, such  as cyclopentadiene, cyclohexadienes, cyclooctadienes and
dicyclopentadiene, and also alkenylnorbornenes, such as 25
5-ethylidene-2-norbornene, 5-butylidene-2-norbornene,
2-methallyl-5-norbornene and 2-isopropenyl-5-norbornene, and
tricyclodienes, such as 3-methyltricyclo[5.2.1.02,6]-  3,8-decadiene, or
mixtures of these. Preference is given to
1,5-hexadiene-5-ethylidenenorbornene [sic] and dicyclopentadiene. 30 The
diene content of the EPDM rubbers is preferably from 0.5 bis  50% by
weighty- in particular from 1 to 8% by weight, based on the  total weight
of the rubber. EPDM rubbers may also have been grafted with other monomers,
e.g.  35 with glycidyl (meth)acrylates, with (meth)acrylic esters, or with
(meth)acrylamides. Copolymers of ethylene with esters of (meth)acrylic acid
are  another group of preferred rubbers. The rubbers may also contain 40
monomers having epoxy groups. These monomers containing epoxy  groups are
preferably incorporated into the rubber by adding, to  the monomer mixture,
monomers having epoxy groups and the formula  I or II 45 2 3 DEC 200k 16 0
CHR8= CH- (CH2) m- 0-(CHR7) g- CH--CHR6 5 CH2= CR10- COO- (- CH2) p-
CH--CHRg  0 (I) where R6 to R10 are hydrogen or alkyl having from 1 to 6
carbon  



10 atoms, and m is an integer from 0 to 20, g is an integer from 0  to 10
and p is an integer from 0 to 5. R6 to R8 are preferably hydrogen, where m
is 0 or 1 and g is 1.  The corresponding compounds are allyl glycidyl ether
and vinyl  15 glycidyl ether. Preferred compounds of the formula II are
acrylic and/or  methacrylic esters having epoxy groups, for example
glycidyl  acrylate and glycidyl methacrylate. 20 The copolymers are
advantageously composed of from 50 to 98% by  weight of ethylene, from 0 to
20% by weight of monomers having  epoxy groups, the remainder being
(meth)acrylic esters. 25 Particular preference is given to copolymers made
from 30 from 50 to 98% by weight, in particular from 55 to 95% by weight,
of ethylene, in particular from 0.3 to 20% by weight of glycidyl  acrylate,
and/or from 0 to 40% by weight, in particular from 0.1 to 20% by weight,
of glycidyl methacrylate, and 35 from 1 to 50% by weight, in particular
from 10 to 40% by weight,  of n-butyl acrylate and/or 2-ethylhexyl
acrylate. Other preferred (meth)acrylates are the methyl, ethyl, propyl,
isobutyl and tert-butyl esters. 40 Besides these, comonomers which may be
used are vinyl esters and  vinyl ethers. The ethylene copolymers described
above may be prepared by 45 processes known per se, preferably by random
copolymerization at  high pressure and elevated temperature. Appropriate
processes are 2 3 DEC 2004 17 well known. Preferred elastomers also include
emulsion polymers whose  preparation is described, for example, by Blackley
in the 5 monograph "Emulsion Polymerization". The emulsifiers and
catalysts which may be used are known per se. In principle it is possible
to use homogeneously structured  elastomers or those with a shell
construction. The shell-type 10 structure is determined by the sequence of
addition of the  individual monomers. The morphology of the polymers is
also  affected by this sequence of addition. Monomers which may be
mentioned here, merely as examples, for the  



15 preparation of the rubber fraction of the elastomers are acrylates, such
as n-butyl acrylate and 2-ethylhexyl acrylate,  and corresponding
methacrylates, and butadiene and isoprene, and  also mixtures of these.
These monomers may be copolymerized with  other monomers, such as styrene,
acrylonitrile, vinyl ethers and  20 with other acrylates or methacrylates,
such as methyl methacrylate, methyl acrylate, ethyl acrylate or propyl
acrylate. The soft or rubber phase (with a glass transition temperature of
below 0C) of the elastomers may be the core, the outer envelope  25 or an
intermediate shell (in the case of elastomers whose structure has more than
two shells). When elastomers have more  than one shell it is also possible
for more than one shell to be  composed of a rubber phase. 30 If one or
more hard components (with glass transition  temperatures above 20C) are
involved, besides the rubber phase,  in the structure of the elastomer,
these are generally prepared  by polymerizing, as principal monomers,
styrene, acrylonitrile,  methacrylonitrile, a-methylstyrene,
p-methylstyrene, or acrylates 35 or methacrylates, such as methyl acrylate,
ethyl acrylate or  methyl methacrylate. Besides these, it is also possible
to use  relatively small proportions of other comonomers. It has proven
advantageous in some cases to use emulsion polymers  40 which have reactive
groups at their surfaces. Examples of groups  of this type are epoxy, amino
and amide groups, and also functional groups which may be introduced by
concomitant use of  monomers of the formula 45 }R15 R16  CH2= C---X-N-C--
R17 u  0 2 3 DEC 2004 18 where:  R15 is hydrogen or CI-C4-alkyl, 5 R16 is
hydrogen, C1-C8-alkyl or aryl, in particular phenyl,  R17 is hydrogen,
C1-C10-alkyl, C6-C12-aryl or -OR8, R18 is CI-C8-alkyl or C6-C12-aryl, it
desired with substitution by  10 0- or N-containing groups, 15 X is a
chemical bond, C1-C10-alkylene or C6-C12-arylene, or  0 11  _C- Y 



[lacuna) The graft monomers described in EP-A 208 187 are also suitable  20
for introducing reactive groups at the surface. Other examples which may be
mentioned are acrylamide,  methacrylamide and substituted acrylates or
methacrylates, such  as (N-tert-butylamino)ethyl methacrylate, 25
(N,N-dimethylamino)ethyl acrylate, (N,N-dimethylamino)methyl  acrylate and
(N,N-diethylamino)ethyl acrylate. The particles of the rubber phase may
also have been crosslinked.  Examples of crosslinking monomers are
1,3-butadiene, 30 divinylbenzene, diallyl phthalate, butanediol diacrylate,
and  dihydrodicyclopentadienyl acrylate, and also the compounds  described
in EP-A 50 265. It is also possible to use the monomers known as
graft-linking  35 monomers, i.e. monomers having two or more polymerizable
double bonds which react at different rates during the polymerization.
Preference is given to the use of those compounds in which at  least one
reactive group polymerizes at about the same rate as  the other monomers,
while the other reactive group (or reactive 40 groups), for example,
polymerize(s) significantly more slowly.  The different polymerization
rates give rise to a certain  proportion of unsaturated double bonds in the
rubber. If another  phase is then grafted onto a rubber of this type, at
least some  of the double bonds present in the rubber react with the graft
45 monomers to form chemical bonds, i.e. the phase grafted on has at  least
some degree of chemical bonding to the graft base. 2 3 DEC 2004 19
Examples of graft-linking monomers of this type are monomers  containing
allyl groups, in particular allyl esters of  ethylenically unsaturated
carboxylic acids, for example allyl  acrylate, allyl methacrylate, diallyl
maleate, diallyl fumarate 5 and diallyl itaconate, and the corresponding
monoallyl compounds  of these dicarboxylic acids. Besides these there is a
wide  variety of other suitable graft-linking monomers. For further
details reference may be made here, for example, to US-A 4 148 846.  10 The
proportion of these crosslinking monomers in component D) is  generally up
to 5% by weight, preferably not more than 3% by  weight, based on D). 15
Some preferred emulsion polymers are listed below. Mention is  made firstly
of graft polymers with a core and with at least one  



outer shell and the following structure: 20 25 Monomers for the
coreMonomers for the envelope 1,3-butadiene, isoprene,Styrene,
acrylonitrile, n-butyl acrylate, ethylhexyl(meth)acrylate, where appropri-
acrylate or a mixture of these,ate having reactive groups, as where
appropriate together withdescribed herein crosslinking monomers Instead of
graft polymers whose structure has more than one shell  it is also possible
to use homogeneous, i.e. single-shell,  elastomers made from 1,3-butadiene,
isoprene and n-butyl acrylate  or from copolymers of these. These products,
too, may be prepared 30 by concomitant use of crosslinking monomers or of
monomers having  reactive groups. The elastomers D) described may also be
prepared by other  conventional processes, e.g. by suspension
polymerization. 35 Other suitable elastomers which may be mentioned are
thermoplastic polyurethanes, as described in EP-A 115 846, EP-A  115 847,
and EP-A 117 664, for example. 40 It is, of course, also possible to use
mixtures of the rubber  types listed above. The molding compositions of the
invention may also comprise other  conventional additives and processing
aids. Merely by way of 45 example, mention may be made here of additives
for scavenging  formaldehyde (formaldehyde scavengers), plasticizers,
coupling  agents, and pigments. The proportion of additives of this type is
2 3 DEC 2004 20  generally within the range from 0.001 to 5% by weight. The
molding compositions of the invention may comprise, as  component D), based
on the total weight of components A) and D), 5 from 0 to 2% by weight,
preferably from 10 ppm to 1.5% by weight,  and in particular from 0.001 to
1% by weight, of an alkali metal  compound and/or alkaline earth metal
compound. It is generally possible to use any alkaline earth metal cations
10 and/or alkali metal cations, preferably lithium cations, sodium
cations, potassium cations, or calcium cations. For the purposes of the
present invention, alkali metal compounds  and alkaline earth metal
compounds are those inorganic or organic  15 salts which give an alkaline
reaction in aqueous solution or suspension. 



Examples which may be mentioned of inorganic salts are  carbonates,
hydrogencarbonates, hydroxides, oxides, and 20 phosphates, particular
preference being given to alkali metal  carbonates, such as potassium
carbonate and sodium carbonate. Examples of organic salts are alcoholates
of C2-C12-alcohols,  phenolates, and salts of carboxylic acids having from
2 to 12 25 carbon atoms, particularly preferably citrates, oxalates, or
tartrates. Particular preference is given to alkali metal hydroxides, in
particular potassium hydroxide and sodium hydroxide, these 30 preferably
being added during the preparation of the POM molding  compositions-in the
form of an aqueous solution of from 10 to 70%  strength, preferably from 40
to 60% strength, which may be fed  together with the carbon black. 35 The
thermoplastic molding compositions of the invention are  prepared by mixing
the components in a manner known per se, and  it is therefore unnecessary
to give detailed information in this  connection. It is advantageous to mix
the components in an  extruder. 40 In one preferred preparation method,
component B), and also,  where appropriate, component(s) C) and/or D) may
preferably be  applied at room temperature to the pellets of A), followed
by  extrusion. 45 In another preferred embodiment, the addition of B) into
the  thermoplastic melt A) takes place by way of a solution, 2 3 DEC 2004
21  preferably an aqueous solution. This usually has a solids content  of
from 0.005 to 5%, preferably from 0.1 to 1%. The thermoplastic molding
compositions of the invention have a  5 balanced property profile and have
very good thermal stability, and due to these properties the processing of
the compositions  gives rise to little mold deposit, discoloration or
formaldehyde  emission. The resultant moldings are therefore particularly
suitable for use as chain links, casters, slide rails, or 10 gearwheels. 15
Examples  The following components were used:  Component A)
Polyoxymethylene copolymer made from 97.3% by weight of trioxane  



and 2.7% by weight of butanediol formal. The product also 20 comprised
about 3% by weight of unconverted trioxane and 5% by  weight of thermally
unstable fractions. After degradation of the  thermally unstable fractions
the copolymer had an MVR of 2.2 ml/10 min (190C, 2.16 kg, to ISO 1133/B).
25 Component B) Content of active  ingredient (aqueous solution)  [ ] % 30
B/1 about 50  B/2 about 50  B/3 about 10  35 Component C) Furnace black
from Degussa AG (Printex(r)90) particle size: 14 nm,  DBP adsorption 95
ml/100 g, BET surface area 300 m2/g 40 Components D) D/1 Irganox(r) 245
from Ciba Geigy: Viscosity (20C) Molecular weight ISO 2555(MW) [mPa*S]by
light scatter- ing about 4502000 about 1400035000 about 2500- 45 2 3 DEC
2004 22 0 0 11 11 -CH-CH2 C-O-CH2-CH2-0-CH2-CH2-O-CH2-CH2-O-C-CH2-CH2-{\
/}-OH CH3 CH3 D/2 polyamide oligomer with molecular weight about 3000,
prepared  10 from caprolactam, hexamethylenediamine, adipic acid and
propionic acid (as molecular weight regulator) by analogy  with Examples
5-4 of US-A 3 960 984 ("PA-dicapped"). 



D/3 Synthetic Mg silicate (AmbosolS from Societe Nobel, Puteaux)  15 with
the following properties: MgO content a 14.8% by weight  SiO2 content z 59%
by weight  Ratio SiO2:MgO 2.7 mol/mol 20 Bulk density from 20 to 30 g/100 m
[sic]  Loss on ashing < 25% by weight D/4 A melamine-formaldehyde
condensate as in Example 1 of  DE-A 25 40 207. 25 D/5 0.5% aqueous
potassium carbonate solution To prepare the molding compositions, component
A was mixed with  the amounts given in the Table of components B to D in a
dry 30 mixer at 23C. The resultant mixture was introduced into a vented
twin-screw extruder, homogenized and devolatilized at 230C, and  the
homogenized mixture was discharged through a die as an  extrudate, and
pelletized. 35 The following were determined to test thermal stability! WL
N2: the weight loss in percent from a specimen of 1.2 g of  pellets on
heating to 2200C for 2 hours in nitrogen. 40 WL air: the weight loss in
percent from a specimen of 1.2 g of  pellets on heating to 2200C for 2
hours in air. The method of measuring the MVR was as stated for component
A). 45 The mixing specifications for the molding compositions and the
results of the measurements are given in Tables I to 4. 2 3 DEC 2004 5 10
15 20 25 30 35 40 23 Table 1: Comparative Examples Mixingmixing123
specifi-specifi- cationcation A% by99.699.699.65 weight D/3% by0.050.05-
weight 



D/1% by0.350.350.35 weight D/4% by0.20.20.2 weight C% by0.250.250.25 weight
D/2% by0.04 weight D/5ppm505050 N2%0.330.490.13 Air%12.6613.7312.13
MVRm1/10 min1.071.551.48 45 2 3 DEC 2004 N a)  LLi 24 Ln rnLn 0'O
L~LnLnOCoLnLn OMNOOCOIn  O,LTaC7OOLnO.-+ Ln rnIn ~LnLnONrn MNNOOLno0
COO)OOOOtoO. ii Ln Lr) r1inininoOCn Or)NNONraOl CnO n0'OOC)CDOLnOr1r-I In
.-iLnLnLnInLOo, MNNOr-INm O)Q ~DOtOOOOL!)O0r1 *"1LnLnLnLnLnor- 



cMNNO ILntN GnCD LnO,CDOOOOLno0-1 Ln LnLnr-LCON f')NN-4OLntO  (7%OOOOLf)OOi
LOLf)LnNOLn OLPLNNr-1LDLn 01O r Sa,OCOOOC)Lf)OOri Lf1 LnLnl0LL')r-L
(nNNNriV,f--  C1401OOdOLnOO--L LC)LnLnLf)Lf)rn Of')NNN-4~'w O r-L01OC)0OO14
100.- I U 14 0) 414-)4-) C -r-I C.C.a5..CL"ri r I u O74 ~1 ty~>>1 0)>1>4
0)HAA.-A 4.Q -4A--1Arl-----~ rl 04 4Q)a)Q)43a)RLasdaCD LO mBP 3dPdA
$OwOwowr L   LbM.--i-zr.--ILr)~-1R x a)1\S\Nr1 wrannoUmazz 2 3 DEC 2004 25
In In CnO Lf)inO CaMNC)r-ILDLf)  COOdOif)ON- 



In mL) *4ininONI~ L')NNC).--IflpM O COOOOOLnO-1r-4 Lf) In r-,Lf)inLOONNLf)
OmNNO.--ILf1M CD NO~C?OOOOLf)O+--i Lfl .--ILf)ininNe--1lQ f')NNOOalf7 O
LDO0O0LOOOr-I r-,inininLOmmc O(")NNONNLn L7)Q ina\OOOOOLf)O+--L-4 In
d'inLOO1r-Lin ,)NNr-fNtCiri t71q Q1OOOOIf10O--I ininLnr-IN0% O(1NN.--IMWV'
mClOOOOOinOO-4 LO LOLflOcoN [')NNN1-4110V' mp (NQ\OOOOinad.-I ~inLninLf]in
Or)NNNC 1LDUi 01O r-LCOOCloOinOQ- U  b+ w4)4141414141C G -r-I C.C.C.CC-r1 



ri u O>, o)r1,>, tT>, cn7`1 Z~n>4 1T X a rI,ta -Ha -rlA -HA --lA r-IA
r1~.--r-I rl a, 4)ala)a)a)aJa)R,dFWE O dp 3dPdwdaduo 3da 3R-- r-I  E (dn
~P-1> -l Q,'AAC)UWA`ZQZ W r 2 3 DEC 2004 26  a1Ln rno MLnLhC)NN
prryNQNLI1Ill 01p mmOOOOl1)OM LO mLO .--1LnLnO-1CnC MNNOMN7 Ol
CO0)OdOOLnON.^i Ln In *tiLnLnLOO01Lf1rn Oi+" yNNOr-I~ O I~ONOOOOOUiaNr-I In
UnLOLnNCOTI. MNNOr-1NV  lDC1OOOOLrC)O11 r{LOLnLnLnmd'Ln Or)NNOOC)cT
U-1rnO0C)pOUnCDO--I Ln LnLnr-Ir-IO'~ 



MNNNC'  -tvC1OOOOLr)OOr-I ~InInLnLnM Or')NNr-!Od' O M01C)QOOC)LnOC)1-I In
LnLO-1r")Q' r~NNNNV  NQhO0CoC)Lr1OO-I LnLnLnOCtM  C1.p -IOOO0OC)LnOO--1 U
On L+I4-)4J4J4J4)4 C .a G.~A..cA.Cr I rl U Q>+ mOti>4 m+79?L 0)tTr 47 rlA
HA "1A "IQ -1Q ,iA rl ra std +lvwNQINnsdPdarz o U1 Cdaw 3asdA 3dAoW 3as
$C1+---- ~   LdMr IMLn x m--r'I> W r Ir1,AAAU~IAZ.9Z 2 3 DEC 2004 27 We
claim: 1. A thermoplastic molding composition comprising, as  5 substantive
components, A) from 5% by weight to (99.99% by weight minus 1 ppb),  based
on components A) to D), of a polyoxymethylene homo- or copolymer, 10 B)
from 1 ppb to 1% by weight, based on the molding  composition made from A)
to D), of at least one  polyethyleneimine homo- or copolymer, 15 C) from
0.01 to 15% by weight of carbon black, and  D) from 0 to 80% by weight of
other additives, 



where the total of percentages by weight of components A) to  20 D) is
always 100%. 2. A thermoplastic molding composition as claimed in claim 1,
in  which the amount of component B) present is from 1 ppm to  0.1% by
weight. 25 3. A thermoplastic molding composition as claimed in claim 1 or
2, where the polyethyleneimine polymers have been selected  from 30 -
homopolymers of ethyleneimine, - copolymers of ethyleneimine and amines
having at least two amino groups, 35 - crosslinked polyethyleneimines, -
grafted polyethyleneimines, - amidated polymers obtainable by reacting 40
polyethyleneimines with carboxylic acids or with  carboxylic esters, with
carboxylic anhydrides, with  carboxamides, or with carbonyl halides, -
alkoxylated polyethyleneimines, 45 298/2000 Sch/gre 29.06.2000 2 3 DEC 2004
28  polyethyleneimines containing hydroxyl groups, amphoteric
polyethyleneimines, and 5 - lipophilic polyethyleneimines. 4. The use of
thermoplastic molding compositions as claimed in  any of claims 1 to 3 for
producing moldings, films, fibers or  foams. A molding, film, fiber or foam
obtainable from the  thermoplastic molding compositions claimed in any of
claims 1  to 3. 15 6. The use of polyethyleneimine homo- or copolymers for
increasing the thermal stability of polyoxymethylene homo- or  copolymers.
20 25 30 35 40 45 


