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Description

Cross-reference to related application

[0001] This application claims priority to European application No. 13306061.6 filed July 23, 2013, the whole content
of this application being incorporated herein by reference for all purposes.

Technical Field

[0002] The present invention relates to the field of polyamide compositions having improved long term high temperature
aging characteristics.

Background Art

[0003] Polyamides are synthetic polymers widely used for the manufacture of diverse shaped articles, including mould-
ed and injected parts, which are often proposed for high the electro-, electronic, and automotive industry.
[0004] In these fields of use, the moulded polyamide article during its normal useful lifetime is in contact with a heat
source which frequently attains and/or which attains for a longer period temperatures largely exceeding 100°C. The heat
source may be a heat producing device or a heated device or may be the surrounding environment wherein the moulded
article is placed. Examples of heated devices or heat generating devices are engines, or elements thereof, and electronic
devices such as semiconductors. For the automotive segment high-temperature-use application are regularly found in
so-called under-the-hood or under-the-bonnet applications, herein referred to as high temperature automotive applica-
tions. Therefore, the invention in particular relates to polyamide suitable for the manufacture of moulded articles for use
in the electro-, electronic, and automotive industry.
[0005] Moulded articles for the electro, electronic and automotive industry and moulding compositions based on polya-
mides generally have to comply with a complex property profile, including, for the compositions as moulded, good
dimensional stability, high heat distortion temperature (HDT) and good mechanical properties, such as a high tensile
strength, tensile modulus and fatigue. Polyamide materials generally tend to show a decrease in mechanical properties
due to thermal degradation of the polymer. This effect is called heat ageing. This effect can occur to an undesirable
extent. In particular with polyamides as the thermoplastic polymer, the deteriorating effect of exposure to high temper-
atures can be very dramatic.
[0006] In attempts to improve heat aging characteristics, it has been conventional practice to add heat stabilizers to
polyamide compositions. The function of a heat stabilizer is to better retain the properties of the composition upon
exposure of the moulded article to elevated temperature. When using a heat stabilizer, the useful lifetime of the moulded
material can be extended significantly, depending on the type of material, use conditions and type and amount of heat
stabilizer. Examples of heat stabilizers typically used in polyamides are organic stabilizers, like phenolic antioxidants
and aromatic amines, and copper, either in the form of a copper salt in combination with potassium iodide or potassium
bromide, or in the form of elementary copper, and metal powders, in particular iron powders.
[0007] Existing technologies, while leading to improvements of long-term heat aging resistance, are nevertheless
insufficient for more demanding applications, involving exposure to higher temperatures; in many applications, retention
of mechanical properties after long-term exposure to temperatures as high as 160°C, or even 180-200°C and higher
becomes a basic requisite. The number of specialty applications, requiring compositions with improved heat ageing
properties is also increasing.
[0008] On the other side, it is common practice to improve impact properties, and more particularly multiaxial impact
properties, of polyamide compounds, so that the same possess increase impact strength, display a ductile behaviour
under load, and, in the unfortunate event of fracture, cracks and weak points will ideally remain concentrated around
the stressed area and not to propagate, through the addition of tougheners or impact modifiers. Nevertheless, because
these additives are generally based on alpha-olefins backbones, they may negatively affect thermal resistance and
ageing properties.
[0009] The aim of the invention is therefore to provide impact resistance reinforced polyamide compositions, which
have better heat ageing properties than the known compositions, thereby providing for the possibility to make moulded
articles that can be used at higher continuous use temperatures than the moulded articles prepared with the known
compositions and which possess outstanding impact strength.
[0010] Within this scenario, WO 2007/036929 (NILIT LTD) 05.04.2007 discloses, notably, glass fiber reinforced polya-
mide compositions, wherein the polyamide is modified by a polyhydric alcohol chemically bonded at least to a part of
the polyamide. This document is silent about heat aging properties of said compositions.
[0011] Further, US 2010029819 (DU PONT) 04.02.2010 teaches that glass fiber reinforced polyamide compositions
comprising one or more polyamide, and one or more polyhydric alcohol (in amount of 0.25 to 15 % wt), and optionally
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a polymeric toughener deliver improved thermal resistance.
[0012] Still, WO 2012/140100 (RHODIA OPERATIONS) 18.10.2012 is directed to the use of polyhydric alcohols in
polymerization of polyamides, so as to manufacture polyamide modified by incorporation in the polymer chain of said
polyhydric alcohols, for achieving thermal stabilization of the polyamide. Hence, it discloses polyamides modified by a
polyhydric alcohol chemically bound to the polyamides, which can be formulated with fillers and impact modifiers.
[0013] The Applicant has now found that by the incorporation in reinforced compounds based on polyamides modified
with polyhydric alcohols of certain amounts of impact modifying rubber and copper-containing stabilizer is effective in
delivering outstanding synergetic heat aging stability effect, in particular delivering outstanding retention of mechanical
properties even after long term exposure to temperatures as high as 210°C, while simultaneously providing toughening
effect.

Summary of invention

[0014] The invention thus pertain to a filled polyamide composition [composition (C)] comprising:

- from 35 to 80 % wt of at least one polyhydric alcohol-modified polyamide, comprising an amount of polyhydric alcohol
(PHA, herein after) residues chemically bonded at least to a part of the polyamide [polyamide (A)] of at least 0.1 %
wt (based on the total weight of polyamide (A));

- from 10 to 65 % wt of at least one filler [filler (F)];
- from 1 to 10 % wt of at least one impact modifying rubber [rubber (I)]; and
- from 0.01 to 3 % wt of at least one copper-containing stabilizer, with above % wt being referred to the total weight

of composition (C).

[0015] The Applicant has surprisingly found that the simultaneous incorporation of above detailed amounts of impact
modifying rubber and copper-containing stabilizer in a PHA-modified polyamide is effective not only in improving impact
resistance, but also in unexpectedly delivering outstanding synergetic heat aging stability, improving heat aging per-
formances at temperatures as high as 210°C, ensuring outstanding retention of mechanical properties, with substantially
better performances over un-modified polyamides or PHA-modified polyamide comprising only the impact modifying
rubber or the copper-containing stabilizer.

The polyamide (A)

[0016] The inventive composition comprises at least one polyhydric alcohol-modified polyamide, comprising an amount
of polyhydric alcohol (PHA, herein after) residues chemically bonded at least to a part of the polyamide [polyamide (A)]
of at least 0.1 % wt (based on the total weight of polyamide (A)).
[0017] The expression "polyhydric alcohol" and "PHA" is used within the context of the present invention for designating
an organic compound containing three or more hydroxyl groups in the molecule. The PHA can be an aliphatic, cy-
cloaliphatic, arylaliphatic or aromatic compound, and may comprise one or more than one heteroatoms, including N, S,
O, halogen and/or P, and can comprise additional functional groups (other than hydroxyl groups) such as ether, amine,
carboxylic acid, amide or ester groups.
[0018] According to preferred embodiments, the PHA will comply with formula R-(OH)n (I) wherein:

- n is an integer of 3 to 8, and preferably 4 to 8; and
- R is a C1-C36 hydrocarbon radical.

[0019] Generally, hydroxyl groups of the PHA are bound to aliphatic carbon atoms; in other terms, the PHA is generally
not a phenol-type compound.
[0020] Further, in order to ensure appropriate reactivity of the hydroxyl groups of the PHA, it is generally preferred for
said hydroxyl group of not being sterically hindered. To this aim, the carbon atoms in alpha position to the aliphatic
carbon bringing the hydroxyl group are generally free from sterically hindered substituents, and more specifically free
from branched aliphatic groups.
[0021] Compounds suitable for being used as PHA within the frame of the present invention are notably:

- triols, in particularly selected from the group consisting of glycerol, trimethylolpropane, trimethylolbutane,

2,3-di(2’-hydroxyethyl)-cyclohexan-1-ol, hexane-1,2,6-triol,
1,1,1-tris(hydroxymethyl)ethane, 3-(2’-hydroxyethoxy)propane-1,2-diol,
3-(2’ -hydroxypropoxy)-propane-1,2-diol,
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2-(2’-hydroxyethoxy)-hexane-1,2-diol,
6-(2’hydroxypropoxy)-hexane-1,2-diol,
1,1,1-tris-[(2’-hydroxyethoxy)-methylethane,
1,1,1-tris-[(2’-hydroxypropoxy)-methyl-propane,
1,1,1-tris-(4’-hydroxyphenyl)ethane, 1,1,1 -tris-(hydroxyphenyl)-propane,
1,1,5-tris-(hydroxyphenyl)-3-methylpentane, trimethylolpropane ethoxylate, trimethylolpropane propoxylate,
tris(hydroxymethyl)aminomethane,
N-(2-Hydroxy-1,1-bis(hydroxymethyl)ethyl)glycine (also know as tricine), and salts thereof;

- tetraols, in particularly selected from the group consisting of diglycerol, di(trimethylolpropane), pentaerythritol, 1,1,4-
tris-(dihydroxyphenyl)-butane;

- polyols comprising 5 hydroxyl groups, in particular triglycerol;
- polyols comprising 6 hydroxyl groups, in particular dipentaerythritol;
- polyols comprising 8 hydroxyl groups, in particular tripentaerythritol;
- saccharide-type polyols, in particular selected from the group consisting of cyclodextrine, D-mannose, glucose,

galactose, sucrose, fructose, arabinose, D-mannitol, D-sorbitol, D- or L- arabitol, xylitol, iditol, talitol, altritol, gulitol,
erythrol, threitol, D-gulono-1,4-lactone.

[0022] PHA which have been found to provide particularly good results within the frame of the present invention are
diglycerol, triglycerol, pentaerythritol, dipentaerythritol (DPE), tripentaerythritol (TPE) and di(trimethylolpropane), with
dipentaerythritol (DPE) and tripentaerythritol (TPE) being preferred, and dipentaerythritol (DPE) particularly preferred.
[0023] As said, the polyhydric alcohol-modified polyamide comprises polyhydric alcohol (PHA, herein after) residues
chemically bonded at least to a part of the polyamide; the expression "bonded at least to a part of the polyamide" is
intended to mean that at least a fraction of polyamide (A) molecules will comprise said PHA residues, for example
coupled by ester bonds, while other polyamide (A) molecules maybe free from said chemically bonded PHA residues.
[0024] It is understood that one or more than one of the hydroxyl groups of said PHA may participate in the bonding
to the polyamide (A) molecules. When two, three, or more, hydroxyl groups of said PHA participate in the bonding, the
polyamide (A) may possess a branched structure.
[0025] Polyamide (A) is capable of being obtained by addition of a polyhydric alcohol having at least three hydroxyl
functional groups to a polymerization medium, prior to or at any stage of the polymerization process.
[0026] It is nevertheless essential that the addition of the PHA is carried out before completion of the polycondensation
reaction, so as to ensure that at least one of the hydroxyl function of the PHA is reacted, hence ensuring bonding of a
PHA residue to the polyamide molecule.
[0027] More precisely, polyamide (A) is obtained by condensation reaction in the presence of said at least one PHA
of at least one mixture selected from:

- mixtures (M1) comprising at least a diacid [acid (DA)] (or derivative thereof) and at least a diamine [amine (NN)] (or
derivatives thereof);

- mixtures (M2) comprising at least a lactam [lactam (L)];
- mixtures (M3) comprising at least an aminocarboxylic acid [aminoacid (AN)]; and
- combinations thereof.

[0028] The amount of PHA used in the polymerization is generally of from 0.15 to 20 % wt, preferably of 0.5 to 10 %
wt, more preferably of 1 to 5% wt, with respect to the total weight of the monomer mixture(s).
[0029] It is generally understood that the fraction of PHA which can be thus bound to the polyamide molecule is of at
least 50 % moles, preferably at least 70 % moles, even more preferably at least 80% moles, with respect to the total
moles of PHA used.
[0030] As a consequence, the polyamide (A) will possess a content of chemically bonded PHA residues of at least
0.1 % wt, preferably of at least 0.5 % wt, even more preferably at least 0.75 % wt and of at most 10 % wt, preferably of
at most 7 % wt, even more preferably of at most 5 % wt, with respect to the weight of the polyamide (A).
[0031] Although the presence of free PHA in the polyamide (A) cannot be absolutely excluded, it is understood that
the polyamide (A) will comprise, if any, non-chemically bonded PHA in an amount of less than 2 % wt, preferably of less
than 1.5 % wt, more preferably of less than 1 % wt, with respect to the weight of the polyamide (A).
[0032] Acid (DA) derivatives include notably salts, anhydride, esters and acid halides, able to form amide groups;
similarly, amine (NN) derivatives include notably salts thereof, equally able to form amide groups.
[0033] Said acid (DA) can be an aromatic dicarboxylic acid comprising two reactive carboxylic acid groups [acid (AR)]
or an aliphatic dicarboxylic acid comprising two reactive carboxylic acid groups [acid (AL)]. For the purpose of the present
invention, a dicarboxylic acid is considered as "aromatic" when it comprises one or more than one aromatic group.



EP 3 024 890 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0034] Non limitative examples of acids (AR) are notably phthalic acids, including isophthalic acid (IA), and terephthalic
acid (TA), 2,5-pyridinedicarboxylic acid, 2,4-pyridinedicarboxylic acid, 3,5-pyridinedicarboxylic acid, 2,2-bis(4-carboxy-
phenyl)propane, bis(4-carboxyphenyl)methane, 2,2-bis(4-carboxyphenyl)hexafluoropropane, 2,2-bis(4-carboxyphe-
nyl)ketone, 4,4’-bis(4-carboxyphenyl)sulfone, 2,2-bis(3-carboxyphenyl)propane, bis(3-carboxyphenyl)methane, 2,2-
bis(3-carboxyphenyl)hexafluoropropane, 2,2-bis(3-carboxyphenyl)ketone, bis(3-carboxyphenoxy)benzene, naphtha-
lene dicarboxylic acids, including 2,6-naphthalene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid,1,4-naphthalene
dicarboxylic acid, 2,3-naphthalene dicarboxylic acid, 1,8-naphthalene dicarboxylic acid.
[0035] Among acids (AL), mention can be notably made of oxalic acid (HOOC-COOH), malonic acid (HOOC-
CH2-COOH), succinic acid [HOOC-(CH2)2-COOH], glutaric acid [HOOC-(CH2)3-COOH], 2,2-dimethyl-glutaric acid
[HOOC-C(CH3)2-(CH2)2-COOH], adipic acid [HOOC-(CH2)4-COOH], 2,4,4-trimethyl-adipic acid [HOOC-CH(CH3)-CH2
-C(CH3)2-CH2-COOH], pimelic acid [HOOC-(CH2)5-COOH], suberic acid [HOOC-(CH2)6-COOH], azelaic acid
[HOOC-(CH2)7-COOH], sebacic acid [HOOC-(CH2)8-COOH], undecanedioic acid [HOOC-(CH2)9-COOH], dodecandioic
acid [HOOC-(CH2)10-COOH], tetradecandioic acid [HOOC-(CH2)11-COOH], octadecandioic acid
[HOOC-(CH2)16-COOH].
[0036] Preferably, the acid (DA) used for the manufacture of the polyamide (A) will be an acid (AL), as above detailed,
possibly in combination with a minor amount of an acid (AR), as above detailed.
[0037] The amine (NN) is generally selected from the group consisting of aliphatic alkylene-diamine, aromatic diamines
and mixtures thereof.
[0038] Said aliphatic alkylene-diamine are typically aliphatic alkylene diamines having 2 to18 carbon atoms.
[0039] Said aliphatic alkylene diamine is advantageously selected from the group consisting of 1,2-diaminoethane,
1,2-diaminopropane, propylene-1,3-diamine, 1,3-diaminobutane, 1,4-diaminobutane, 1,5-diaminopentane, 1,5-diamino-
2-methyl-pentane, 1,4-diamino-1,1-dimethylbutane, 1,4-diamino-1-ethylbutane, 1,4-diamino-1,2-dimethylbutane, 1,4-di-
amino-1,3-dimethylbutane, 1,4-diamino-1,4-dimethylbutane, 1,4-diamino-2,3-dimethylbutane, 1,2-diamino-1-
butylethane, 1,6-diaminohexane, 1,7-diaminoheptane, 1,8-diamino-octane, 1,6-diamino-2,5-dimethylhexane, 1,6-diami-
no-2,4-dimethylhexane, 1,6-diamino-3,3-dimethylhexane, 1,6-diamino-2,2-dimethylhexane, 1,9-diaminononane, 1,6-di-
amino-2,2,4-trimethylhexane, 1,6-diamino-2,4,4-trimethylhexane, 1,7-diamino-2,3-dimethylheptane, 1,7-diamino-2,4-
dimethylheptane, 1,7-diamino-2,5-dimethylheptane, 1,7-diamino-2,2-dimethylheptane, 1,10-diaminodecane, 1.8-diami-
no-1,3-dimethyloctane, 1,8-diamino-1,4-dimethyloctane, 1,8-diamino-2,4-dimethyloctane, 1,8-diamino-3,4-dimethyloc-
tane, 1,8-diamino-4,5-dimethyloctane, 1,8-diamino-2,2-dimethyloctane, 1,8-diamino-3,3-dimethyloctane, 1,8-diamino-
4,4-dimethyloctane, 1,6-diamino-2,4-diethylhexane, 1,9-diamino-5-methylnonane, 1,11-diaminoundecane, 1,12-diami-
nododecane, and 1,13-diaminotridecane.
[0040] The aliphatic alkylene diamine preferably comprises at least one diamine selected from the group consisting
of 1,6-diaminohexane, 1,8-diamino-octane, 1,10-diaminodecane, 1,12-diaminododecane and mixtures thereof. More
preferably, the aliphatic alkylene diamine comprises at least one diamine selected from the group consisting of 1,6-
diaminohexane, 1,10-diaminodecane and mixtures thereof.
[0041] The aromatic diamine is preferably selected from the group consisting of meta-phenylene diamine, meta-
xylylene diamine and para-xylylene diamine.
[0042] Preferably, the amine (NN) used for the manufacture of the polyamide (A) will be an aliphatic alkylene diamine,
as above detailed, possibly in combination with a minor amount of an aromatic diamine, as above detailed.
[0043] Preferred mixtures (M1) are:

- mixtures of adipic acid and 1,6-diaminohexane;
- mixtures of adipic acid, terephthalic acid and 1,6-diaminohexane;
- mixtures of sebacic acid and 1,6-diaminohexane.

[0044] Lactam (L) suitable for use for the manufacture of polyamide (A) can be any of β-lactam or ε-caprolactam.
[0045] Preferred mixture (M2) comprises ε-caprolactam.
[0046] Aminoacid (AN) suitable for use for the manufacture of polyamide (A) can be selected from the group consisting
of 6-amino-hexanoic acid, 9-aminononanoic acid, 10-aminodecanoic acid, 11-aminoundecanoic acid, 12-aminododeca-
noic acid.
[0047] It is still within the scope of the invention the addition to any of mixtures (M1), (M2), (M3) and their combination
of one or more than one polyfunctional acid/amine monomers comprising more than two carboxylic acid and amine
groups, e.g. polycarboxylic acid having three or more carboxylic acid groups, polyamines having three or more amine
groups, polyfunctional diacid including two carboxylic groups and one or more amine groups, polyfunctional diamine
including two amine groups and one or more carboxylic acid groups. Incorporation of said polyfunctional acid/amine
monomers generally lead to branched structures, star-like or tree-like, such as those notably described in WO 97/24388
(NYLTECH ITALIA [IT]) 10.07.1997 and in WO 99/64496 (NYLTECH ITALIA [IT]; ) 16.12.1999.
[0048] It is also further understood that one or more than one end capping agent [agent (M)] can be added to any of
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mixtures (M1), (M2), (M3), and their combinations for the manufacture of polyamide (A), without this departing from the
scope of the invention. The agent (M) is generally selected from the group consisting of an acid comprising only one
reactive carboxylic acid group [acid (MA)] and an amine comprising only one reactive amine group [agent (MN)].
[0049] Acid (MA) is preferably selected from the group consisting of acetic acid, propionic acid, butyric acid, valeric
acid, caproic acid, caprylic acid, lauric acid, stearic acid, cyclohexanecarboxylic acid, benzoic acid, preferably from acetic
acid and benzoic acid.
[0050] Amine (MN) is preferably selected from the group consisting of methylamine, ethylamine, butylamine, hexy-
lamine, octylamine, benzylamine, aniline, toluidine.
[0051] The composition (C) will comprise at least 35 % wt, preferably at least 40 % wt, more preferably at least 50 %
wt of polyamide (A) as above detailed, with respect to the total weight of the composition (C). Still, the composition (C)
comprises at most 80 % wt, preferably at most 75 % wt, even more preferably at most 70 % wt of polyamide (A) as
above detailed, with respect to the total weight of the composition (C).

The filler (F)

[0052] The composition comprises from 10 to 65 % wt of one or more than one filler (F).
[0053] Said filer (F) can be any reinforcement agent, but it is preferably selected from the group consisting of calcium
carbonate, glass fibers, glass flakes, glass beads, carbon fibers, talc, mica, wollastonite, calcined clay, kaolin, diatomite,
magnesium sulphate, magnesium silicate, barium sulphate, titanium dioxide, sodium aluminium carbonate, barium ferrite,
potassium titanate.
[0054] The filler (F), from morphology perspective, can be hence selected from fibrous fillers and particulate fillers.
[0055] Preferably, the filler is chosen from fibrous fillers. Among fibrous fillers, glass fibers are preferred; they include
chopped strand A-, E-, C-, D-, Sand R-glass fibers. Glass fibers with circular and non-circular cross sections can be
used. The expression ’glass fibers with non-circula cross section’ is used herein according to its usual meaning, that is
to say it is intended to refer to glass fibers having a cross section having a major axis lying perpendicular to longitudinal
direction of the glass fiber and corresponding to the longest linear distance in the cross-section, and a minor axis,
corresponding to the linear distance in cross-section in a direction perpendicular to the major axis. The non-circular
cross section of the fiber may have a variety of shapes including cocoon-type shape, a rectangual shape, an elliptical
shape, a polygonal shape, an oblong shape, without this list being exhaustive. The ratio of the length of the major axis
to the minor axis is preferably between about 1.5:1 to about 6:1, more preferably between about 2:1 to about 5:1, still
more preferably between about 3:1 to about 4:1.
[0056] In preferred embodiments, glass fibers, and more particularly, circular cross-section glass fibers will be used
as filler (F).
[0057] The composition (C) will comprise preferably at least 15 % wt, more preferably at least 20 % wt of filler (F), as
above detailed, with respect to the total weight of the composition (C).
[0058] Still, the composition (C) comprises usually at most 60 % wt, preferably at most 55 % wt, even more preferably
at most 50 % wt of filler (F), as above detailed, with respect to the total weight of the composition (C).
[0059] Particularly good results have been obtained when the composition (C) comprised from about 10 to about 40
% wt of filler (F), as above detailed, with respect to the total weight of the composition (C).

Rubber (I)

[0060] The composition (C) comprises from 1 to 10 % wt of at least one impact modifying rubber [rubber (I)].
[0061] Rubbers (I) suitable for use in the composition (C) generally comprise at least one functional group able to
react with the polyamide (A), and more particularly with amine or carboxylic acid end groups of the polyamide (A)
[functionalized rubber (IF)].
[0062] The functional group of the functionalized rubber (IF) is generally selected from carboxylic acid groups and
derivatives thereof (including notably salts and esters); epoxy groups; anhydride groups, oxazoline groups, maleimide
groups or mixture thereof.
[0063] The functionalized rubber (IF) maybe an oligomer or polymer compound, wherein the functional groups can
be incorporated by copolymerizing a functional monomer during polymerization of the impact modifier backbone or by
grafting of a pre-formed polymer backbone.
[0064] Said functionalized rubbers (IF) generally comprise recurring units derived from at least one of the following
monomers: ethylene; higher alpha olefins including propylene, butene, octene; dienes, including butadiene and isoprene;
acrylates, styrene, acrylonitrile; (meth)acrylic acid and derivatives thereof, including esters; vinyl monomers, including
vinyl acetate, and other vinyl esters. Other monomers maybe equally comprised in the structure of the functionalized
rubber (IF).
[0065] The polymer backbone of the functionalized rubber (IF) will generally be selected from elastomeric backbones
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comprising polyethylenes and copolymers thereof, e.g. ethylene-butene; ethylene-octene; polypropylenes and copoly-
mers thereof; polybutenes; polyisoprenes; ethylene-propylene-rubbers (EPR); ethylene-propylene-diene monomer rub-
bers (EPDM); ethylene-acrylate rubbers; butadiene-acrylonitrile rubbers, ethylene-acrylic acid (EAA), ethylene-vinylac-
etate (EVA); acrylonitrile-butadiene-styrene rubbers (ABS), block copolymers styrene ethylene butadiene styrene
(SEBS); block copolymers styrene butadiene styrene (SBS); core-shell elastomers of methacrylate-butadiene-styrene
(MBS) type, or mixture of one or more of the above.
[0066] It is understood that in case no functional group is comprised in said polymer backbone, the functionalized
rubber (IF) will further incorporate, by copolymerization or grafting, residues from functional monomers including any of
carboxylic acid groups and derivatives thereof (including notably salts and esters); epoxy groups; anhydride groups,
oxazoline groups, maleimide groups or mixture thereof. It is further envisioned that said functional monomers may be
used for further modifying backbones which may already comprise a functional group.
[0067] Specific examples of functionalized rubbers (IF) are notably terpolymers of ethylene, acrylic ester and glycidyl
methacrylate, copolymers of ethylene and butyl ester acrylate; copolymers of ethylene, butyl ester acrylate and glycidyl
methacrylate; ethylene-maleic anhydride copolymers; EPR grafted with maleic anhydride; styrene-maleimide copolymers
grafted with maleic anhydride; SEBS copolymers grafted with maleic anhydride; styrene-acrylonitrile copolymers grafted
with maleic anhydride; ABS copolymers grafted with maleic anhydride.
[0068] Functionalized rubbers (IF) which have been found particularly effective within the frame of the present invention
are ethylene amorphous copolymers grafted with maleic anhydride.
[0069] The amount of said rubber (I) is preferably of at least 2 % wt, more preferably at least 3% wt, with respect to
the total weight of the composition (C). Still, its amount is preferably of at most 8 % wt, more preferably at most 7 % wt,
even more preferably at most 6 % wt, with respect to the total weight of the composition (C).

The copper-containing stabilizer

[0070] Copper-containing stabilizers useful in the practice of the invention may be characterized as comprising a
copper compound and an alkali metal halide. More particularly, the copper-containing stabilizer will consist essentially
of a copper compound [compound (Cu)] selected from the group consisting of copper (I) oxide, copper (II) oxide, copper
(I) salt, for example cuprous acetate, cuprous stearate, a cuprous organic complex compound such as copper acety-
lacetonate, a cuprous halide or the like; and an alkali metal halide [halide (M)]. Preferably, the copper-containing stabilizer
will consist essentially of a copper halide selected from copper iodide and copper bromide and the alkali metal halide
will preferably be selected from the iodides and bromides of lithium, sodium and potassium.
[0071] A particularly preferred combination is the combination of CuI and KI.
[0072] The copper-containing stabilizer will preferably comprise a copper (I) compound [compound (Cu)] and an alkali
metal halide [halide (M)] at a weight ratio compound (Cu):halide (M) of 1:99 to 30:70, preferably 5:95 to 20:80, more
preferably 10:90 to 15:85. A weight ratio compound (Cu):halide (M) which has been found particularly effective is of
about 0.15 (i.e. corresponding to about 13:87).
[0073] The combined weight of compound (Cu) and halide (M), i.e. of the copper-containing stabilizer, in the composition
(C) will amount to from about 0.01 to about 3 wt %, preferably from about 0.02 to about 2.5 % wt, more preferably from
about 0.1 to about 1.5 wt %, based on the total weight of composition (C).
[0074] The amount of the compound (Cu) in the copper-containing stabilizer will generally be sufficient to provide a
level of from about 25 to about 1000 ppm, preferably of about 50 to about 500 ppm, more preferably of about 75 to about
150 ppm of Copper in the composition (C).

Optional co-stabilizers (S)

[0075] The composition (C) may also comprise one or more than one heat stabilizer or anti-oxidant, hereby referred
to as ’co-stabilizer (S)’, different from the copper-containing stabilizer.
[0076] Co-stabilizers (S), when used in the composition (C) are generally selected from the group consisting of hindered
amine compounds, hindered phenol compounds, and phosphorous compounds.
[0077] The expression "hindered amine compound" is used according to its customary meaning in this field and
generally intended to denote derivatives of 2,2,6,6-tetramethyl piperidine well known in the art (see for example : Plastics
Additives Handbook, 5th ed., Hanser, 2001). The hindered amine compound of the composition according to the present
invention may either be of low or high molecular weight.
[0078] The hindered amine compounds of low molecular weight have typically a molecular weight of at most 900,
preferably at most 800, more preferably of at most 700, still more preferably at most 600 and most preferably of at most
500 g/mol.
[0079] Examples of low molecular weight hindered amine compounds are listed in Table 1 below :
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Table 1

Formula

(a1)

 

(a2)

 

(a3)

 

(a4)

 

(a5)

 

(a6)
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(continued)

Formula

(a7)

 

(a8)

 

(a9)

 

(a10)

 

(a11)

 

(a12)
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[0080] Among those low molecular weight compounds, the hindered amine is preferably selected from the group
consisting of the ones corresponding to formula (a1), (a2), (a11) and (a12). More preferably, the hindered amine is
selected from the group consisting of the ones corresponding to formula (a1), (a2), and (a12). Still more preferably, the
hindered amine is the one corresponding to formula (a2).
[0081] The hindered amine compounds of high molecular weight are typically polymeric and have typically a molecular
weight of at least 1000, preferably at least 1100, more preferably of at least 1200, still more preferably at least 1300 and
most preferably of at least 1400 g/mol.
[0082] Examples of high molecular weight hindered amine compounds are listed in Table 2 below :

Table 2

Formula

(b1)

 

(b2)

 

(b3)

 

(b4)

 

(b5)
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[0083] The "n" in the formulas (b1) to (b6) of Table 2 indicates the number of repeating units in the polymer and is
usually an integral equal or greater than 4.
[0084] Among those high molecular weight compounds, the hindered amine is preferably selected from the group
consisting of the ones corresponding to formula (b2) and (b5). More preferably, the high molecular weight hindered
amine is the one corresponding to formula (b2).
[0085] If used, the hindered amine compound is typically present in an amount of advantageously at least 0.01 wt. %,
more preferably at least 0.05 wt. %, still more preferably at least 0.1 wt. %, based on the total weight of the composition.
[0086] Similarly, when present, the hindered amine compound is also typically present in an amount of advantageously
at most 3.5 wt. %, preferably at most 3 wt. %, more preferably at most 2.5 wt. %, still more preferably at most 2.0 wt.
%, even more preferably at most 0.8 wt. % and most preferably at most 0.6 wt. %, based on the total weight of the
composition.
[0087] The expression "hindered phenol compound" is used according to its customary meaning in this field and
generally intended to denote derivatives of ortho-substituted phenol, especially (but not limited to) di-tert-butyl-phenol
derivatives, well known in the art
[0088] Examples of hindered phenol compounds are listed in Table 3 below :

(continued)

Formula

(b6)

 

Table 3

(d1)

 

tetrakis(3-(3,5-di-tert-butyl-4-hydroxyph enyl)propionate), 
commercially available notably as Irganox® 1010 stabilizer from 
BASF

(d2)

 

Thiodiethylene bis[3-(3,5-di-tert.-butyl-4-hydroxy-pheny I)
propionate], commercially available notably as Irganox® 1035 
stabilizer from BASF

(d3)

 

Octadecyl-3-(3,5-d i-tert. butyl-4-hydroxy phenyl)-propionate, 
commercially available notably as Irganox® 1076 stabilizer from 
BASF

(d4)

 

N,N’-hexane-1,6-diylbis(3-(3,5-di-tert.-b utyl-4-
hydroxyphenylpropionam ide)), commercially available notably as 
Irganox® 1098 stabilizer from BASF
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(continued)

(d5)
1,3,5- Trimethyl-2,4 ,6-tris(3,5-di-tert-buty 1-4-hydroxybenzyl)
benzene,

commercially available notably as Irganox® 1330 stabilizer from 
BASF

 

(d6)

 

Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-,C 
7-C9 branched alkyl esters, commercially available notably as 
Irganox® 1135 stabilizer from BASF

(d7)

 

Hexamethylene bis[3-(3,5-di-tert-butyl-4-hydroxyphenyl) 
propionate], commercially available notably as Irganox® 259 
stabilizer from BASF

(d8)

 

Tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate, 
commercially available notably as Irganox® 3114 stabilizer from 
BASF

(d9)

 

2,6-di-tert-butyl-4-(4,6-bis(octylthio)-1,3, 5-triazin-2-ylamino)
phenol, commercially available notably as Irganox® 565 stabilizer 
from BASF

(d10)

 

commercially available notably as Irganox® 1425 stabilizer from 
BASF
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[0089] A hindered phenol compound which has been found particularly effective in the composition (C) is N,N’-hexane-
1,6-diylbis(3-(3,5-di-tert.-butyl-4-hydroxyphenylpropionamide) ) of formula (d4), as above specified.
[0090] If used, the hindered phenol compound is typically present in an amount of advantageously at least 0.01 wt.
%, more preferably at least 0.05 wt. %, still more preferably at least 0.1 wt. %, based on the total weight of the composition.
[0091] Similarly, when present, the hindered phenol compound is also typically present in an amount of advantageously
at most 3.5 wt. %, preferably at most 3 wt. %, more preferably at most 2.5 wt. %, still more preferably at most 2.0 wt.
%, even more preferably at most 0.8 wt. % and most preferably at most 0.6 wt. %, based on the total weight of the
composition.
[0092] The co-stabilizers (S) may be at least one phosphorous compound selected from the group consisting of an
alkali or alkali earth metal hypophosphites, phosphite esters, phosphonites and mixtures thereof.
[0093] Sodium and calcium hypophosphites are preferred alkali or alkali earth metal hypophosphites.
[0094] A phosphite ester may be represented by the formula P(OR)3, while a phosphonite may be represented by the
formula P(OR)2R, wherein each of R, can be the same or different and are typically independently selected from the
group consisting of a C1-20 alkyl, C3-22 alkenyl, C6-40 cycloalkyl, C7-40 cycloalkylene, aryl, alkaryl or arylalkyl moiety.
[0095] Examples of phosphite esters are listed in the Table 4 below :

(continued)

(d11)

 

2-Methyl-4,6-bis(octylsulfanylmethyl)ph enol, commercially 
available notably as Irganox® 1520 stabilizer from BASF

(d12)

 

2,4-Bis(dodecylthiomethyl)-6-methylphe nol, commercially 
available notably as Irganox® 1726 stabilizer from BASF

(d13)

 

Triethylene glycol bis(3-tert-butyl-4-hydroxy-5-methylphen yl)
propionate, commercially available notably as Irganox® 245 
stabilizer from BASF

Table 4

Formula

(e1)

 

(e2)

 



EP 3 024 890 B1

14

5

10

15

20

25

30

35

40

45

50

55

(continued)

Formula

(e3)

 

(e4)

 

(e5)

 

(e6)

 

(e7)

 

(e8)

 

(e9)

 

(e10)
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[0096] Examples of phosphonites are listed in the table 5 below :

[0097] When used in the composition (C), the phosphorous compound is preferably present in an amount of at least
0.01 wt. %, more preferably at least 0.05 wt. %, based on the total weight of the composition.
[0098] The phosphorous compound is also preferably present in an amount of at most 1 wt. %, more preferably at
most 0.5 wt. %, still more preferably at most 0.25 wt. %, based on the total weight of the composition.

Other ingredients

[0099] The composition (C) may also comprise other conventional additives commonly used in the art, including
lubricants, plasticizers, colorants, pigments, antistatic agents, flame-retardant agents, nucleating agents, catalysts, and
the like.
[0100] Still, the composition (C) can comprise one or more other polymers, preferably polyamides different from
polyamide (A). Mention can be made notably of semi-crystalline or amorphous polyamides, such as aliphatic polyamides,
semi-aromatic polyamides, and more generally the polyamides obtained by polycondensation between an aromatic or
aliphatic saturated diacid and an aliphatic saturated or aromatic primary diamine, a lactam, an amino-acid or a mixture
of these different monomers.

(continued)

Formula

(e11)

 

(e12)

 

Table 5

Formula Structure

(f1)

 

(f2)
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Manufacture of the composition (C)

[0101] The invention further pertains to a method of making the composition (C) as above detailed, said method
comprising melt-blending the polyamide (A), the filler (F), the rubber (I), the copper-containing stabilizer, and of any
other optional ingredient.
[0102] Any melt-blending method may be used for mixing polymeric ingredients and non-polymeric ingredients of the
present invention. For example, polymeric ingredients and non-polymeric ingredients may be fed into a melt mixer, such
as single screw extruder or twin screw extruder, agitator, single screw or twin screw kneader, or Banbury mixer, and the
addition step may be addition of all ingredients at once or gradual addition in batches. When the polymeric ingredient
and non-polymeric ingredient are gradually added in batches, a part of the polymeric ingredients and/or non-polymeric
ingredients is first added, and then is melt-mixed with the remaining polymeric ingredients and non-polymeric ingredients
that are subsequently added, until an adequately mixed composition is obtained. If a reinforcing filler presents a long
physical shape (for example, a long glass fiber), drawing extrusion molding may be used to prepare a reinforced com-
position.

Use of the composition (C)

[0103] The composition (C), as disclosed above, is useful in increasing long-term thermal stability at high temperatures
of molded or extruded articles made therefrom. The long-term heat stability of the articles can be assessed by exposure
(air oven ageing) of 4 mm thick test samples at various test temperatures in an oven for various test periods of time.
The oven test temperatures for the composition disclosed herein include 210°C and up to 3000 hours test periods. The
test samples, after air oven ageing, are tested for tensile strength and elongation to break, according to ISO 527-2/1A
test method; and compared with unexposed controls having identical composition and shape, that are as molded. The
comparison with the as molded controls provides the retention of tensile strength and/or retention of elongation to break,
and thus the various compositions can be assessed as to long-term heat stability performance.
[0104] In various embodiments the composition (C) has a 210°C/2000 hours retention of tensile strength of at least
50% and preferably at least 60%, based upon comparison with as molded non-exposed controls.
[0105] In another aspect, the present invention relates a use of the above disclosed composition (C) for high temperature
applications.
[0106] In yet another aspect, the present invention relates to a method for manufacturing an article by shaping the
composition (C) of the invention. Examples of articles are films or laminates, automotive parts or engine parts or elec-
trical/electronics parts. By "shaping", it is meant any shaping technique, such as for example extrusion, injection moulding,
thermoform moulding, compression moulding or blow moulding. Preferably, the article is shaped by injection moulding
or blow moulding.
[0107] The molded or extruded thermoplastic articles disclosed herein may have application in many vehicular com-
ponents that meet one or more of the following requirements: high impact requirements; significant weight reduction
(over conventional metals, for instance); resistance to high temperature; resistance to oil environment; resistance to
chemical agents such as coolants; and noise reduction allowing more compact and integrated design. Specific molded
or extruded thermoplastic articles are selected from the group consisting of charge air coolers (CAC); cylinder head
covers (CHC); oil pans; engine cooling systems, including thermostat and heater housings and coolant pumps; exhaust
systems including mufflers and housings for catalytic converters; air intake manifolds (AIM); and timing chain belt front
covers. As an illustrative example of desired mechanical resistance against long-term high temperature exposure, a
charge air cooler can be mentioned. A charge air cooler is a part of the radiator of a vehicle that improves engine
combustion efficiency. Charge air coolers reduce the charge air temperature and increase the density of the air after
compression in the turbocharger thus allowing more air to enter into the cylinders to improve engine efficiency. Since
the temperature of the incoming air can be more than 200°C when it enters the charge air cooler, it is required that this
part be made out of a composition maintaining good mechanical properties under high temperatures for an extended
period of time.
[0108] Should the disclosure of any patents, patent applications, and publications which are incorporated herein by
reference conflict with the description of the present application to the extent that it may render a term unclear, the
present description shall take precedence.
[0109] The present invention is further illustrated by the following examples. It should be understood that the following
examples are for illustration purposes only, and are not used to limit the present invention thereto.

Analyses

[0110] Viscosity index (unit: mL/g) was determined in solution in formic acid according to ISO307 standard.
[0111] Carboxylic acid End-Groups (CEG) concentration and Amine End-Groups (AEG) concentration were deter-
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mined by titration (unit : meq/kg).
[0112] Melting temperature (Tm) and enthalpy (ΔHm), crystallization temperature (Tc) were determined by Differential
Scanning Calorimetry (DSC), using a Perkin Elmer Pyris 1 at 10°C/min.
[0113] Free polyhydric alcohol content (unit : wt.-%) determination:

Free DPE or TPE content in polyamide polymers and compounds was determined using an Agilent 1100 series
HPLC (light scattering detector) with classical C18 column, calibrated with 5 different concentrations of DPE or TPE
in TriFluoroEthanol / water 1/10 wt/wt solvent, following procedure as below detailed.
About 2g of polyamide-modified PHA pellets were solubilized in 30g of trifluoroethanol + 1g/L of LiCI mixture at
room temperature, and stirring was continued until all polyamide-modified PHA pellets were dissolved.
Then 300 g of water were added dropwise (within about 30 min) while maintaining the mixture under stirring at room
temperature, so as to ensure precipitation of the polyamide polymer chains. For free DPE content concentration
determination, the stirring was further maintained during 60 min at room temperature. For free TPE content con-
centration determination, the solution was heated below 90°C for 15 min so as to ensure solubilization of free TPE.
A specimen of the solution so obtained was injected, after filtration through a 0.45 mm filter, in the above mentioned
HPLC instrument, and content was determined based on calibration curves.
Determination was repeated twice, and values reported are the average of the two measured values.

Preparative examples -- General polymerization procedure

[0114] In a batch reactor were introduced the required amount of Nylon 66 salt (hexamethylene diammonium adipate),
water and anti-foaming agent Silcolapse® 5020, in combination with appropriate amount of PHA and, when used, of
additional monomers, and possibly of a hypophosphite catalyst. The polyamide was synthesized according to a standard
process for the synthesis of PA 66, followed by a finishing step in conditions specified below. The polymer was then
extruded under the shape of a strand, cooled in a cold water bath and pelletized to get pellets.
[0115] Ingredients and polymerization conditions are summarized in table 6 herein below.

Table 6

Example CPE1 PE1 PE2 PE3

Nylon66 salt (kg) 80.0 92.56 92.56 92.56

DPE(*) (kg) - 2.47 - 2.51

TPE(*) (kg) - 2.47 -

Adipic acid (kg) - 0.71 0.48 1.73

Water (kg) 72.8 84.2 84.2 89.0

NaH2PO2 (ppm P) - 20 20 -

Anti-foaming agent (g) 5.5 6.4 6.4 6.4

Finishing temp. (°C) 275 275 275 275

Finishing pressure (bar) 1 0.5 0.5 1

Finishing time (min) 30 22 12 37

IV (mL/g) 137.5 109.2 116.3 139.2

CEG (meq/kg) N.M. 70.3 77.7 121.4

AEG (meq/kg) N.M. 54.7 62 35.4

Tm (°C) 262 N.M. N.M. 255

ΔHm (J/g) 67 N.M. N.M. 55

Chemically bonded PHA content (wt.-%) - 2.2 2.26 2.75

Free PHA content (wt.-%) - 0.8 0.73 0.25

(*) DPE: dipentaerythritol; TPE: tripentaerythritol.
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General procedure for extrusion of compounds and high heat long term ageing testing

[0116] Before extrusion, pellets of the polyamides were dried to decrease water content below 1500 ppm. The com-
positions were obtained by melt blending of the selected ingredients in a WERNER&PLEIFEDER® ZSK 40 twin-screw
extruder using the following parameters: 35kg/hour, 280 rounds per minute, 8 heating zone set-points: 250, 255, 260,
260, 265, 270, 275, 280°C. All ingredients were fed at the beginning of the extruder. The extruded strand was cooled
in a water bath, then pelletized and the obtained pellets were stored into sealed aluminium line bags to prevent moisture
adsorption.
[0117] The polyamides manufactured as above specified were compounded with following ingredients :

- Stabamid® 26AE2 PA66, which is a polyamide 66 commercially available from Solvay (IV=134 mL/g), having more
carboxylic acids than amino end groups;

- Vetrotex OCV 983 Glass fibers from Owens Corning;
- Lubricant ethylene-bis-stereamide;
- Exxelor® VA1803 from ExxonMobil, which is an amorphous ethylene copolymer functionalized with maleic anhydride

by reactive extrusion;
- Cul and Kl from AJAY® Europe;

[0118] The compositions were injection-molded using a DEMAG® 50T injection molding machine at 290°C with a
mold temperature of 80°C to prepare 4 mm thick ISO527 samples. Before ageing, initial mechanical properties (E-
modulus, tensile strength (TS) at break and strain at break) were determined by tensile measurements according to ISO
527/1A at 23°C, as average values from 5 specimens.
[0119] The samples were heat aged in a re-circulating air oven (Heraeus TK62120) set at 210°C. At various heat
ageing times (500 h, 1000 h and 2000 h), the samples were removed from the oven, allowed to cool to room temperature
and placed into sealed aluminium lined bags until ready for testing. Mechanical properties were measured according to
the same procedure as before ageing.
[0120] The retention of a mechanical property (tensile strength at break, E-modulus, strain at break) is expressed as
the percentage of the ratio of the value of the mechanical property after a certain heat ageing time at the temperature
T and the value of the mechanical property before ageing. For example, for a heat ageing time of 500h at T, retention
(TS) is expressed as percentage of TS(500h,T)/TS(initial).
[0121] The ingredients and their reciprocal amounts in the compositions and the mechanical properties of the samples
before and after air oven ageing are reported in Tables below.

Table 8

CE1 CE2 CE3 CE4 E1 CE5

Ingredients

PA 66 wt% 59.25 64.7 - - - -

PE1 wt% - - 61 - 60.7 -

PE2 wt% - - - 61 - -

PE3 wt% - - - - - 64.1

Glass fibers wt% 35 35 35 35 35 35

Lubricant wt% 0.3 - - - - 0.3

Black wt% 0.3 - - - - 0.3

VA1803 wt% 4 - 4 4 4 -

Cul/Kl wt% 0.15/1 0.04/ 0.26 - - 0.04/ 0.26 0.04/0 .26

Cu (ppm) 500 133 0 0 133 133

Compounds properties

Free PHA content (wt.-%)(#) - - 0.49 N.M. N.M. N.M.

Bonded PHA content (wt.-%)(#) - - 1.38 N.M. N.M. N.M.

TM (MPa) 11570 11800 11700 11800 11900 11780
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[0122] TM (MPa): Tensile modulus; TSB(MPa): Tensile strength at break; TEB (%): Tensile strain (or elongation) at
break; TSB/R500h: TSB (MPa) / retention (%) after 210°C 500h; TSB/R1000h: TSB (MPa) / retention (%) after 210°C 1000h;
TSB /R2000h : TSB (MPa) / retention (%) after 210°C 2000h.
(#) PHA (bonded/free) content with respect to the overall composition weight·
[0123] As the examples clearly demonstrated, only the combination of copper-containing stabilizer and rubber (I) in
a PHA-modified polyamide have enabled achieving retention up to more than 65 % of mechanical properties after heat
ageing at 210°C for as long as 2000 h.

Claims

1. A filled polyamide composition [composition (C)] comprising:

- from 35 to 80 % wt of at least one polyhydric alcohol-modified polyamide, comprising an amount of polyhydric
alcohol (PHA, herein after) residues chemically bonded at least to a part of the polyamide [polyamide (A)] of at
least 0.1 % wt (based on the total weight of polyamide (A)), wherein said PHA is an organic compound containing
three or more hydroxyl groups in the molecule;
- from 10 to 65 % wt of at least one filler [filler (F)];
- from 1 to 10 % wt of at least one impact modifying rubber [rubber (I)]; and
- from 0.01 to 3 % wt of at least one copper-containing stabilizer, with above % wt being referred to the total
weight of composition (C).

2. The composition (C) of claim 1, wherein the PHA is selected from the group consisting of

- triols, in particularly selected from the group consisting of glycerol, trimethylolpropane, trimethylolbutane, 2,3-
di(2’-hydroxyethyl)-cyclohexan-1-ol, hexane-1,2,6-triol, 1,1,1-tris(hydroxymethyl)ethane, 3-(2’-hydrox-
yethoxy)propane-1,2-diol, 3-(2’-hydroxypropoxy)-propane-1,2-diol, 2-(2’-hydroxyethoxy)-hexane-1,2-diol,
6-(2’hydroxypropoxy)-hexane-1,2-diol, 1,1,1-tris-[(2’-hydroxyethoxy)-methylethane, 1,1,1 -tris-[(2’-hydroxypro-
poxy)-methyl-propane, 1,1,1-tris-(4’-hydroxyphenyl)ethane, 1,1,1-tris-(hydroxyphenyl)-propane, 1,1,5-tris-(hy-
droxyphenyl)-3-methylpentane, trimethylolpropane ethoxylate, trimethylolpropane propoxylate, tris(hydroxyme-
thyl)aminomethane, N-(2-Hydroxy-1,1-bis(hydroxymethyl)ethyl)glycine (also know as tricine), and salts thereof;
- tetraols, in particularly selected from the group consisting of diglycerol, di(trimethylolpropane), pentaerythritol,
1,1,4-tris-(dihydroxyphenyl)-butane;
- polyols comprising 5 hydroxyl groups, in particular triglycerol;
- polyols comprising 6 hydroxyl groups, in particular dipentaerythritol;
- polyols comprising 8 hydroxyl groups, in particular tripentaerythritol;
- saccharide-type polyols, in particular selected from the group consisting of cyclodextrine, D-mannose, glucose,
galactose, sucrose, fructose, arabinose, D-mannitol, D-sorbitol, D- or L- arabitol, xylitol, iditol, talitol, altritol,
gulitol, erythrol, threitol, D-gulono-1,4-lactone;
- and mixtures thereof.

3. The composition (C) of claim 2, wherein the PHA is dipentaerythritol (DPE).

4. The composition (C) of anyone of the preceding claims wherein the polyamide (A) is obtained by condensation
reaction in the presence of said at least one PHA of at least one mixture selected from:

(continued)

Compounds properties

TSB(MPa) 189 211 205 206 208 212

TEb(%) 2.73 3.1 2.9 3.1 2.8 2.8

Heat ageing at 210°C

TSB /R500h (MPa)/(%) N.M. 153/73 202/99 204/89 201/97 N.M.

TSB/R 1000h (MPa)/(%) 116/62 108/51 171/84 162/79 173/83 155/7 4

TSB/R 2000h (MPa)/(%) 45/24 20/9 56/27 70/34 138/66 72/34
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- mixtures (M1) comprising at least a diacid [acid (DA)] (or derivative thereof) and at least a diamine [amine
(NN)] (or derivatives thereof);
- mixtures (M2) comprising at least a lactam [lactam (L)];
- mixtures (M3) comprising at least an aminocarboxylic acid [aminoacid (AN)]; and
- combinations thereof, and wherein the amount of PHA used in the polymerization is generally of from 0.15 to
20 % wt, preferably of 0.5 to 10 % wt, more preferably of 1 to 5% wt, with respect to the total weight of the
monomer mixture(s).

5. The composition (C) of anyone of the preceding claims wherein the polyamide (A) possesses a content of chemically
bonded PHA residues of at least 0.5 % wt, even more preferably at least 0.75 % wt and/or of at most 10 % wt,
preferably of at most 7 % wt, even more preferably of at most 5 % wt, with respect to the weight of the polyamide (A).

6. The composition (C) of anyone of the preceding claims, wherein the polyamide (A) comprises, if any, non-chemically
bonded PHA in an amount of less than 2 % wt, preferably of less than 1.5 % wt, more preferably of less than 1 %
wt, with respect to the weight of the polyamide (A).

7. The composition (C) of anyone of the preceding claims, wherein the filler (F) is glass fibers.

8. The composition (C) of anyone of the preceding claims, wherein rubber (I) comprises at least one functional group
able to react with the polyamide (A) selected from carboxylic acid groups and derivatives thereof (including notably
salts and esters); epoxy groups; anhydride groups, oxazoline groups, maleimide groups or mixture thereof.

9. The composition (C) of claim 8, wherein the rubber (I) is selected from ethylene amorphous copolymers grafted with
maleic anhydride.

10. The composition (C) of anyone of the preceding claims, wherein the copper-containing stabilizer comprises a copper
compound [compound (Cu)] and an alkali metal halide [halide (M)] in a weight ratio compound (Cu):halide (M) of
1:99 to 30:70, preferably 5:95 to 20:80.

11. The composition (C) of anyone of the preceding claims, further comprising a co-stabilizer (S) selected from the
group consisting of hindered amine compounds, hindered phenol compounds, phosphorous compounds.

12. A method of making the composition (C) according to anyone of claims 1 to 11, said method comprising melt-
blending the polyamide (A), the filler (F), the rubber (I), the copper-containing stabilizer, and of any other optional
ingredient.

13. A method for manufacturing an article by shaping the composition (C) according to anyone of claims 1 to 11, by any
shaping technique, preferably selected from the group consisting of extrusion, injection moulding, thermoform mould-
ing, compression moulding and blow moulding.

14. The method according to claim 13, wherein the article is any of films, laminates, automotive parts, engine parts and
electrical/electronics parts.

15. A method of using the composition (C) according to anyone of claims 1 to 11 for high temperature applications.

Patentansprüche

1. Gefüllte Polyamidzusammensetzung [Zusammensetzung (C)], umfassend:

- von 35 bis 80 Gew.-% an wenigstens einem polyhydrischer-Alkoholmodifizierten Polyamid, umfassend eine
Menge von polyhydrischer-Alkohol(nachstehend PHA)-Resten, die chemisch an wenigstens einen Teil des
Polyamids [Polyamid (A)] gebunden sind, von wenigstens 0,1 Gew.-% (bezogen auf das Gesamtgewicht von
Polyamid (A)), wobei der PHA eine organische Verbindung ist, die drei oder mehr Hydroxygruppen in dem
Molekül enthält;
- von 10 bis 65 Gew.-% an wenigstens einem Füllstoff [Füllstoff (F)];
- von 1 bis 10 Gew.-% an wenigstens einem Schlagzähigkeitmodifizierenden Kautschuk [Kautschuk (I)]; und
- von 0,01 bis 3 Gew.-% an wenigstens einem kupferhaltigen Stabilisator, wobei die vorstehenden Gew.-%-
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Werte auf das Gesamtgewicht der Zusammensetzung (C) bezogen sind.

2. Zusammensetzung (C) gemäß Anspruch 1, wobei der PHA ausgewählt ist aus der Gruppe bestehend aus

- Triolen, insbesondere ausgewählt aus der Gruppe bestehend aus Glycerol, Trimethylolpropan, Trimethylol-
butan, 2,3-Di(2’-hydroxyethyl)cyclohexan-1-ol, Hexan-1,2,6-triol, 1,1,1-Tris(hydroxymethyl)ethan, 3-(2’-Hydro-
xyethoxy)propan-1,2-diol, 3-(2’-Hydroxypropoxy)propan-1,2-diol, 2-(2’-Hydroxyethoxy)hexan-1,2-diol, 6-(2’-
Hydroxypropoxy)hexan-1,2-diol, 1,1,1-Tris[(2’-hydroxyethoxy)methylethan, 1,1,1-Tris[(2’-hydroxypropoxy)me-
thylpropan, 1,1,1-Tris(4’-hydroxyphenyl)ethan, 1,1,1-Tris(hydroxyphenyl)propan, 1,1,5-Tris(hydroxyphenyl)-3-
methylpentan, Trimethylolpropanethoxylat, Trimethylolpropanpropoxylat, Tris(hydroxymethyl)aminomethan,
N-(2-Hydroxy-1,1-bis(hydroxymethyl)ethyl)glycin (auch als Tricin bekannt) und Salzen davon;
- Tetraolen, insbesondere ausgewählt aus der Gruppe bestehend aus Diglycerol, Di(trimethylolpropan), Pen-
taerythritol, 1,1,4-Tris(dihydroxyphenyl)butan;
- Polyolen umfassend 5 Hydroxygruppen, insbesondere Triglycerol;
- Polyolen umfassend 6 Hydroxygruppen, insbesondere Dipentaerythritol;
- Polyolen umfassend 8 Hydroxygruppen, insbesondere Tripentaerythritol;
- Polyolen vom Saccharidtyp, insbesondere ausgewählt aus der Gruppe bestehend aus Cyclodextrin, D-Man-
nose, Glucose, Galactose, Saccharose, Fructose, Arabinose, D-Mannitol, D-Sorbitol, D- oder L- Arabitol, Xylitol,
Iditol, Talitol, Altritol, Gulitol, Erythrol, Threitol, D-Gulono-1,4-lacton;
- und Gemischen davon.

3. Zusammensetzung (C) gemäß Anspruch 2, wobei der PHA Dipentaerythritol (DPE) ist.

4. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei das Polyamid (A) durch eine Konden-
sationsreaktion wenigstens eines Gemischs ausgewählt aus:

- Gemischen (M1) umfassend wenigstens eine Disäure [Säure (DA)] (oder ein Derivat davon) und wenigstens
ein Diamin [Amin (NN)] (oder Derivate davon);
- Gemischen (M2) umfassend wenigstens ein Lactam [Lactam (L)];
- Gemischen (M3) umfassend wenigstens eine Aminocarbonsäure [Aminosäure (AN)];
und
- Kombinationen davon,
in Gegenwart des wenigstens einen PHA erhalten wird, und wobei die Menge an PHA, die bei der Polymerisation
verwendet wird, im Allgemeinen von 0,15 bis 20 Gew.-%, vorzugsweise von 0,5 bis 10 Gew.-%, bevorzugter
von 1 bis 5 Gew.-%, bezogen auf das Gesamtgewicht des Monomergemischs/der Monomergemische beträgt.

5. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei das Polyamid (A) einen Gehalt an che-
misch gebundenen PHA-Resten von wenigstens 0,5 Gew.-%, bevorzugter wenigstens 0,75 Gew.-%, und/oder
höchstens 10 Gew.-%, vorzugsweise höchstens 7 Gew.-%, noch bevorzugter höchstens 5 Gew.-%, bezogen auf
das Gewicht des Polyamids (A) aufweist.

6. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei das Polyamid (A), falls überhaupt, nicht
chemisch gebundenen PHA in einer Menge von weniger als 2 Gew.-%, vorzugsweise weniger als 1,5 Gew.-%,
bevorzugter weniger als 1 Gew.-%, bezogen auf das Gewicht des Polyamids (A) umfasst.

7. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei es sich bei dem Füllstoff (F) um Glasfasern
handelt.

8. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei der Kautschuk (I) wenigstens eine funk-
tionelle Gruppe umfasst, die fähig ist, mit dem Polyamid (A) zu reagieren, ausgewählt aus Carbonsäuregruppen
und Derivaten davon (einschließlich insbesondere Salzen und Estern); Epoxygruppen; Anhydridgruppen, Oxazo-
lingruppen, Maleimidgruppen und Gemischen davon.

9. Zusammensetzung (C) gemäß Anspruch 8, wobei der Kautschuk (I) ausgewählt ist aus amorphen Ethylen-Copo-
lymeren, die mit Maleinsäureanhydrid gepfropft sind.

10. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, wobei der kupferhaltige Stabilisator eine Kup-
ferverbindung [Verbindung (Cu)] und ein Alkalimetallhalogenid [Halogenid (M)] in einem Gewichtsverhältnis von
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Verbindung (Cu):Halogenid (M) von 1:99 bis 30:70, vorzugsweise 5:95 bis 20:80, umfasst.

11. Zusammensetzung (C) gemäß einem der vorstehenden Ansprüche, ferner umfassend einen Costabilisator (S)
ausgewählt aus der Gruppe bestehend aus gehinderten Aminverbindungen, gehinderten Phenolverbindungen, Pho-
sporverbindungen.

12. Verfahren zum Herstellen der Zusammensetzung (C) gemäß einem der Ansprüche 1 bis 11, wobei das Verfahren
Schmelzmischen des Polyamids (A), des Füllstoffs (F), des Kautschuks (I), des kupferhaltigen Stabilisators und
optionalen anderen Bestandteilen umfasst.

13. Verfahren zum Herstellen eines Gegenstands durch Formgebung der Zusammensetzung (C) gemäß einem der
Ansprüche 1 bis 11 durch ein beliebiges Formgebungsverfahren, vorzugsweise ausgewählt aus der Gruppe beste-
hend aus Extrusion, Spritzguss, Thermoformen, Pressformen und Blasformen.

14. Verfahren gemäß Anspruch 13, wobei der Gegenstand eines von Filmen, Laminaten, Automobilteilen, Maschinen-
teilen und elektrischen/elektronischen Teilen ist.

15. Verfahren zum Verwenden der Zusammensetzung (C) gemäß einem der Ansprüche 1 bis 11 für Hochtemperatur-
anwendungen.

Revendications

1. Composition de polyamide chargée [composition (C)] comprenant :

- de 35 à 80 % en poids d’au moins un polyamide modifié par un polyol, comprenant une quantité de résidus
de polyol (PHA, ci-après) chimiquement liés au moins à une partie du polyamide [polyamide (A)] d’au moins
0,1 % en poids (sur la base du poids total de polyamide (A)), dans laquelle ledit PHA est un composé organique
contenant trois groupes hydroxyle ou plus dans la molécule ;
- de 10 à 65 % en poids d’au moins une charge [charge (F)] ;
- de 1 à 10 % en poids d’au moins un caoutchouc de modification de résistance aux chocs [caoutchouc (I)] ; et
- de 0,01 à 3 % en poids d’au moins un stabilisant contenant du cuivre, les % en poids étant référencés ci-
dessus par rapport au poids total de composition (C).

2. Composition (C) de la revendication 1, dans laquelle le PHA est choisi dans le groupe constitué de

- triols, en particulier choisis dans le groupe constitué des glycérol, triméthylolpropane, triméthylolbutane, 2,3-
di(2’-hydroxyéthyl)-cyclohexan-1-ol, hexane-1,2,6-triol, 1,1,1-tris(hydroxyméthyl)éthane,

3-(2’-hydroxyéthoxy)propane-1,2-diol, 3-(2’-hydroxypropoxy)-propane-1,2-diol, 2-(2’-hydroxyé-
thoxy)-hexane-1,2-diol, 6-(2’hydroxypropoxy)-hexane-1,2-diol, 1,1,1-tris-[(2’ -hydroxyéthoxy)-méthylétha-
ne,
1,1,1-tris-[(2’-hydroxypropoxy)-méthyl-propane, 1,1,1-tris-(4’-hydroxyphényl)éthane, 1,1,1-tris-(hydroxy-
phényl)-propane, 1,1,5-tris-(hydroxyphényl)-3-méthylpentane, éthoxylate de triméthylolpropane, propoxy-
late de triméthylolpropane, tris(hydroxyméthyl)aminométhane, N-(2-hydroxy-1,1-bis(hydroxymé-
thyl)éthyl)glycine (également appelée tricine), et des sels de ceux-ci ;

- des tétraols, en particulier choisis dans le groupe constitué des diglycérol, di(triméthylolpropane), pentaéryth-
ritol, 1,1,4-tris-(dihydroxyphényl)-butane ;
- des polyols comprenant 5 groupes hydroxyle, en particulier le triglycérol ;
- des polyols comprenant 6 groupes hydroxyle, en particulier le dipentaérythritol ;
- des polyols comprenant 8 groupes hydroxyle, en particulier le tripentaérythritol ; des polyols de type saccharide,
en particulier choisis dans le groupe constitué des cyclodextrine, D-mannose, glucose, galactose, saccharose,
fructose, arabinose, D-mannitol, D-sorbitol, D- ou L-arabitol, xylitol, iditol, talitol, altritol, gulitol, érythrol, thréitol,
D-gulono-1,4-lactone ;
- et des mélanges de ceux-ci.

3. Composition (C) de la revendication 2, dans laquelle le PHA est le dipentaérythritol (DPE).
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4. Composition (C) de l’une quelconque des revendications précédentes dans laquelle le polyamide (A) est obtenu
par réaction de condensation en présence dudit au moins un PHA d’au moins un mélange choisi parmi :

- des mélanges (M1) comprenant au moins un diacide [acide (DA)] (ou un dérivé de celui-ci) et au moins une
diamine [amine (NN)] (ou des dérivés de celle-ci) ;
- des mélanges (M2) comprenant au moins un lactame [lactame (L)] ;
- des mélanges (M3) comprenant au moins un acide aminocarboxylique [aminoacide (AN)] ; et
- des combinaisons de ceux-ci, et dans laquelle la quantité de PHA utilisée dans la polymérisation est généra-
lement de 0,15 à 20 % en poids, de préférence de 0,5 à 10 % en poids, plus préférablement de 1 à 5 % en
poids, par rapport au poids total du ou des mélange(s) de monomères.

5. Composition (C) de l’une quelconque des revendications précédentes dans laquelle le polyamide (A) possède une
teneur en résidus PHA chimiquement liés d’au moins 0,5 % en poids, encore plus préférablement d’au moins 0,75
% en poids et/ou d’au plus 10 % en poids, de préférence d’au plus 7 % en poids, encore plus préférablement d’au
plus 5 % en poids, par rapport au poids du polyamide (A).

6. Composition (C) de l’une quelconque des revendications précédentes, dans laquelle le polyamide (A) comprend,
le cas échéant, PHA non chimiquement lié en une quantité inférieure à 2 % en poids, de préférence inférieure à 1,5
% en poids, plus préférablement inférieure à 1 % en poids, par rapport au poids du polyamide (A).

7. Composition (C) de l’une quelconque des revendications précédentes, dans laquelle la charge (F) est constituée
de fibres de verre.

8. Composition (C) de l’une quelconque des revendications précédentes, dans laquelle le caoutchouc (I) comprend
au moins un groupe fonctionnel capable de réagir avec le polyamide (A) choisi parmi des groupes acide carboxylique
et des dérivés de ceux-ci (comprenant notamment des sels et des esters) ; des groupes époxy ; des groupes
anhydride, des groupes oxazoline, des groupes maléimide ou un mélange de ceux-ci.

9. Composition (C) de la revendication 8, dans laquelle le caoutchouc (I) est choisi parmi des copolymères amorphes
d’éthylène greffés avec l’anhydride maléique.

10. Composition (C) de l’une quelconque des revendications précédentes, dans laquelle le stabilisant contenant du
cuivre comprend un composé de cuivre [composé (Cu)] et un halogénure de métal alcalin [halogénure (M)] dans
un rapport en poids de composé (Cu):halogénure (M) de 1:99 à 30:70, de préférence de 5:95 à 20:80.

11. Composition (C) de l’une quelconque des revendications précédentes, comprenant en outre un co-stabilisant (S)
choisi dans le groupe constitué de composés d’amine masquée, composés de phénol masqué, composés phos-
phoreux.

12. Procédé de fabrication de la composition (C) selon l’une quelconque des revendications 1 à 11, ledit procédé
comprenant le mélange à l’état fondu du polyamide (A), de la charge (F), du caoutchouc (I), le stabilisant contenant
du cuivre, et de tout autre composant facultatif.

13. Procédé de fabrication d’un article par formage de la composition (C) selon l’une quelconque des revendications 1
à 11, par une technique de formage quelconque, de préférence choisie dans le groupe constitué de l’extrusion, le
moulage par injection, le moulage par thermoformage, le moulage par compression et le moulage par soufflage.

14. Procédé selon la revendication 13, dans lequel l’article est l’un quelconque parmi des films, des stratifiés, des pièces
d’automobile, des pièces de moteur et des pièces électriques/électroniques.

15. Procédé d’utilisation de la composition (C) selon l’une quelconque des revendications 1 à 11 pour des applications
à haute température.
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