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FLAME RESISTANT SEMIAROMATIC POLYAMIDE RESIN COMPOSITION AND
ARTICLES THEREFROM
Field of the Invention

The present invention relates to a non-halogenated flame retardant polyamide
resin composition which has a high stiffness and hardness, exhibits a low warpage, is
excellent in external appearance, including properties such as gloss and has reduced

corrosion effects on melt processing equipment.

Background of the Invention

The electric appliance represented by office automation (OA) equipments and
appliances such as a note-book-type personal computer or a word processor has a
trend towards light-weight, thin-wall and environment-friendly. The housing materials
should have high flowability, high stiffness, low warpage and preferably non-
halogenated flame retardance.

The housing materials of the above OA machine include carbon fiber-
reinforced ABS/PBT and ABS/PC alloy.

The housing materials of the above OA machine also include semi-crystalline
polyamide (PA6, PAG6), However, because the polyamide is semi-crystalline this
typically results in poor appearance and high warpage.

in JP10219105, the composition comprises 20-69 weight percent
(abbreviated wt %) polyamide resin mixture, 10-30 wt % bromine-based flame
retardant, 1-10 wt % auxiliary flame retardant, and 20-69 wt% platy silicate or glass
flakes, the sum of all the ingredients being 100 wt %. The polyamide resin mixture
comprises 50-95 wt % crystalline polyamide resin and 50-5 wt % amorphous
polyamide resin derived from isophthalic acid, terephthalic acid, hexamethylene
diamine, and 3,3'—dimefhyl—4,4'-diaminodicyclohexylmethane (EMS Grivory EX 3038).
The resin composition which has a high stiffness, exhibits a low warpage and is
excellent in external appearance, such as smoothness. The resin composition is
commonly used for electric appliances represented by an OA appliance such as a
note-book-type personal computer or a word processor. However, the composition is

a bromine-type flame retardant.

JP9241505 disclosed a polyamide resin composition which has good
mechanical properties and heat resistance and can provide a molded article that is
excellent in appearance by compounding a crystalline polyamide containing a
specific mica mineral with an amorphous polyamide. This composition comprises 98-



10

15

20

25

30

35

WO 2010/117708 PCT/US2010/029015

70 parts by weight (abbreviated pts wt} crystalline polyamide containing 0.01-30 wit%
swellable fluoromica mineral and 2-30 pts wt amorphous polyamide. However, it has

a low flexural modulus.

It is also desirable that polyamide resin compositions be flame retardant and
meet the UL-94 standard for a high degree of flame retardance. This need has
promoted research into a variety of metheds for imparting flame retardance to
polyamide resins. A common method of imparting flame retardance to thermoplastic
resin compaositions involves incorporating a halogenated organic compound such as
brominated polystyrene as a flame retardant along with an antimony compound that
acts as a synergist for the flame retardant. However, the use of halogenated flame
retardants has certain drawbacks in that these materials tend to decompose or
degrade at the temperatures used to mold polyamide compositions. The degradation
products can corrode the barrels of compounding extruders, the surfaces of molding
machines, and other melt processing equipment that the halogenated flame
retardants come in contact with at elevated temperatures. This problem can be
particularly pronounced in the case of semiaromatic polyamide compositions, as
these materials often have melting points that are significantly higher than those of
many aliphatic polyamides. The degradation products of halogenated flame

retardants can also result in molded articles that have poor surface appearance.

W02009009360 disclosed non-halogenated flame retardant thermoplastic
semiaromatic polyamide compositions having reduced corrosion effects on melt
processing equipment. The composition comprises a thermoplastic polyamide
component (a) comprising at least one semiaromatic polyamide; at least one
phosphinate or diphosphinate based flame retardant (b); zinc borate (¢); and

optionally, at least one inarganic reinforcing agent and/or filler.

It is also desirable that polyamide resin compositions have low warpage and
high stiffness for electric appliances. WQ2008062755 discloses a flame-retardant
polyamide composition that is excellent in fluidity during molding and granufa'tion
ability during granulation on a biaxial granulator or the like. A molded article produced
from the composition is excellent in mechanical properties including stiffness and
heat resistance and flame retardancy during a reflow soldering process and has a
low warpage property. Specifically disclosed is a flame-retardant polyamide
composition comprising 20 to 80 % by mass of a specific polyamide resin (A), 1 to
40% by mass of a flame retardant agent (B), 5 to 60 % by mass of a glass fiber (C),
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and 0.5 to 5 % by mass of an auxiliary flame retardant agent (D), which can be
molded into an article having a reduced warpage. Preferably, the glass fiber (C) has
a cross-section having an aspect ratio larger than 3. W02008068898 disclosed a
flame-retardant polyamide resin composition which exhibits excellent flame
retardancy, mechanical characteristics and electrical characteristics, and is suitable
for electrical/electronic components or electrical components for automobiles. Also
disclosed is a molded article made of such a flame-retardant polyamide resin
composition. Specifically disclosed is a flame-retardant polyamide resin composition
containing a polyamide resin (A), a phosphorus flame retardant (B) and a glass fiber
(C) having a nen-circular cross section. Specifically, the composition contains 15-
78% by weight of the polyamide resin (A), 2-20% by weight of the phosphorus flame
retardant (B) and 20-65% by weight of the glass fiber (C) having a non-circular cross

section.

Therefore, it would thus be desirable to obtain a polyamide composition having high
flowability, high stiffness, and low warpage. Furthermore, it would be desirable to
obtain a non-halogenated flame retardant polyamide composition that leads to
reduced levels of corrosion of melt processing equipment while satisfying certain
regulatory requirements.

Summary of the Invention

There is disclosed and claimed herein a flame retardant polyamide resin
composition, comprising: |
(a) about 30 to about 80 weight percent of a polyamide component

comprising a blend of about 40 to 85 weight percent of one or
more semi-crystalline polyamides and about 15 to 60 weight
percent of one or more amorphous polyamides having repeating
units derived from a carboxylic acid component and an aliphatic
diamine component, the carboxylic compohent being isophthalic
acid or a mixture of isophthalic acid and one or more other
carboxylic acids wherein the carboxylic acid component
comprises at least 55 mole percent, based on the carboxylic acid
component, of isophthalic acid, and the aliphatic diamine
component being selected from the group consisting of
hexamethylene diamine, a mixture of hexamethylene diamine
and 2-methyl pentamethylene diamine, and a mixture of

hexamethylene diamine and 2- ethyltetramethylene diamine; in
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which the aliphatic diamine component contains at least 40 mole
percent, based on the aliphatic diamine component, of
hexamethylene diamine;

at least one flame retardant comprising one or more of a
phosphinate of the formula (1); a disphosphinate of the formula
(11); and polymers of (I) and/or (il)

|O -
R M (0)
R, m
i ERE
O—T—--R3—!'i!—~—0 M (I
Ry Ry n

wherein R, and R, are identical or different and are C, -Cg alkyl,
linear or branched, and/or aryl; R; is C-Cqg-alkylene, linear or
branched, Cs-Cqp-arylene, -alkylarylene or -arylalkylene; M is
calcium ions, magnesium ions, aluminum ions and/or zinc ions;

mis2to3;nis1or3;and xis 1or 2;

(¢} =zinc borate; and

(d)

about 10 to about 60 weight percent of glass fiber having a non-

circular cross section,

wherein the weight percentages of (a) and (d) are based on the total weight of

the composition; wherein flame retardant (b) is present in an amount that is

about 10 to about 45 percent of the weight of polyamide (a); and wherein zinc

borate (¢) is present in an amount that is about 0.5 to about 5 percent of the

weight of flame retardant (b).

Detailed Description of the Invention’

The term "polymer” as used herein, generally includes but is not limited to,

homopolymers, copolymers (such as for example, block, graft, random and

alternating copolymers), terpolymers, etc. and blends and modifications thereof.
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Furthermore, unless otherwise specifically limited, the term "polymer” shall include all

possible geometrical configurations of the material.

The present invention addresses the retention of an acceptable balance of
properties {e.g., mechanical performance, high flowability, and low warpage, etc.) of
polyamide compositions, while at the same time attaining excellent flame retardancy
with the low corrosion effect on melt processing equipment, by containing non-
halogenated flame retardant into a blend of semi-crystalline polyamide and
amorphous, aliphatic polyamide in conjunction with inorganic reinforcing agents
and/or fillers having a non-circular cross section thereof.

The semi-crystalline polyamide includes aliphatic or semi-aromatic semi-
crystaliine polyamides.

The semi-crystalline aliphatic polyamide may be derived from aliphatic
and/or alicyclic monomers such as one or more of adipic acid, sebacic acid, azelaic
acid, dodecanedoic acid, or their derivatives and the like, aliphatic Cs-Cyo
alkylenediamines, alicyclic diamines, lactams, and amino acids. Preferred diamines
include bis(p-aminocyclohexyl)methane; hexamethylenediamine; 2-
methylpentamethylenediamine; 2-methyloctamethylenediamine;
trimethylhexamethylenediamine; 1,8-diaminooctane; 1,9-diaminononane; 1,10-
diaminodecane; 1,12-diaminododecane; and m-xylylenediamine. Preferred lactams
or amino acids include 11-aminododecanoic acid, caprolactam, and laurolactam.

Preferred semicrystalline aliphatic polyamides are selected from the group
consisting of polyamide 6; polyamide 6,6; polyamide 4,6; polyamide 6,10; polyamide
6,12; polyamide 11; polyamide 12; polyamide 9,10; polyamide 9,12; polyamide ©,13;
polyamide 9,14; polyamide 9,15; polyamide 6,16; polyamide 9,36; polyamide 10,10;
polyamide 10,12; polyamide 10,13; polyamide 10,14; polyamide 12,10; polyamide
12,12; polyamide 12,13; polyamide 12,14; polyamide 6,14; polyamide 6,13;
polyamide 6,15; polyamide 6,16; and polyamide 6,13.

The semi-aromatic semi- crystalline polyamides are one or more
homopolymers, copolymers, terpolymers, or higher polymers that are derived from
monomers containing aromatic groups. Examples of monomers containing aromatic
groups are terephthalic acid and its derivatives. It is preferred that about 5 to about
75 mole percent of the monomers used to make the aromatic polyamide used in the
present invention contain aromatic groups, and it is still more preferred that about 10
to about 55 mole percent of the monomers contain aromatic groups.

Preferred semi-crystalline semi-aromatic polyamides are selected from the

group consisting of poly(m-xylyiene adipamide) (polyamide MXD,6),
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poly(dodecamethylene terephthalamide) (polyamide 12,T), poly(decamethylene
terephthalamide} (polyamide 10,T), poly(nonamethylene terephthalamide)
(polyamide 9,T), hexamethylene adipamide/hexamethylene terephthalamide
copolyamide {polyamide 6,T/6,6), hexamethylene terephthalamide/2-
methylpentamethylene terephthalamide copolyamide (polyamide 6,T/D,T);
hexamethylene adipamide/hexamethylene terephthalamide/hexamethylene
isophthalamide copolyamide (polyamide 6,6/6,T/6,1); poly(caprolactam-
hexamethylene terephthalamide} (polyamide 6/6,T); and the like.

In the present invention, a semi-crystalline semi-aromatic polyamide is
preferred in terms of dimensicn stability and flame retardancy

Semi-crystalline semi-aromatic polyamides derived from monomers
containing aromatic groups are especially advantageous for uses in applications that
require a balance of properties (e.g., mechanical performance, high flowability, and
low warpage, etc.) in the polyamide composition as well as excellent flame
retardancy with the low corrosion effect on melt processing equipment.

The semicrystalline polyamide is present in about 40 {o about 85 (and
preferably about 40 to about 60) weight percent, based on the total amount of
semicrystalline and amorphous polyamide present.

The amorphous polyamides are well-known in the art. They are one or more
homopolymers, copolymers, terpclymers, or higher polymers that are derived from
monomers containing isophthalic acid and/or dimethyldiaminodicyclohexylmethane
groups. . '

In the preferred amorphous polyamide, the polyamide consists of a polymer
or copolymer having repeating units derived from a carboxylic acid component and
an aliphatic diamine component. The carboxylic acid component is isophthalic acid or
a mixture of isophthalic acid and one or more other carboxylic acids wherein the
carboxylic acid component contains at least 55 mole percent, based on the
carboxylic acid component, of isophthalic acid. Other carboxylic acids that may be
used in the carboxylic acid component include terephthalic acid and adipic acid. The
aliphatic diamine component is hexamethylene diamine or a mixture of
hexamethylene diamine and 2-methyl pentamethylene diamine and/or 2-
ethyltetramethylene diamine, in which the aliphatic diamine component contains at
least 40 mole percent, based on the aliphatic diamine component, of hexamethylene
diamine. |

Preferred amorphous polyamides are selected from the group consisting of
poly(hexamethylene terephthalamide/hexamethylene isophthalamide) (polyamide
6,T/6,1), poly(hexamethylene isophthalamide) (polyamide 6,1), poly(metaxylylene

6
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isophthalamide/ hexamethylene isophthalamide} (polyamide MXD,I/6,1),
poly(metaxylylene isophthalamide/ metaxylylene terephthalamide/ hexamethylene
isophthalamide) (polyamide MXD,I/MXD,T/6,1/6,T), poly(metaxylylene
isophthalamide/dodecamethylene isophthalamide) (polyamide MXD,I/12,1),
poly(metaxylylene isophthalamide) (polyamide MXD,I),
poly(dimethyldiaminodicyclohexylmethane isophthalamide/dodecanamide)
(polyamide MACM,1/12}, poly(dimethyldiaminodicyclohexylmethane isophthalamide/
dimethyldiaminodicyclohexylmethane terephthalamide/dodecanamide) (polyamide
MACM,I/MACM,T/12), poly(hexamethylene isophthalamide/
dimethyldiaminodicyclohexylmethane isophthalamide/dodecanamide) (polyamide
6,I/MACM,1/12), poly(hexamethylene isophthalamide/hexamethylene
terephthalamide/ dime’thyldiaminodicyclohexylmethane isophthalamid/
dimethyldiaminodicyclohexylmethane terephthalamide) (poiyamide

6,1/6, T/MACM,I/MACM,T), poly(hexamethylene isophthalamide/hexamethylene
terephthalamide/ dimethyldiaminodicyclohexylmethane isophthalamid/
dimethyldiaminodicyclohexylmethane terephthalamide/dodecanamide) (polyamide
6,1/6, T/IMACM,I/MACM,T/12), poly(dimethyldiaminodicyclohexylmethane
isophthalamide/ dimethyldiaminodicyclohexylmethane dodecanamide) (polyamide
MACM,I/MACM,12) and mixtures thereof.

Of these, poly (hexamethylene terephthalamide/hexamethylene
isophthalamide) {polyamide 6,T/6,1), and mixtures of two or more of the preferred
amorphous polymers listed above are preferred. Especially preferred are poly
(hexamethylene terephthalamide/hexamethylene isophthalamide) (polyamide 6,T/6,1).

The amorphous polyamide is present in about 15 to about 60 weight percent,
or more preferably in about 40 to about 60 weight percent, based on the total amount
of semicrystalline and amorphous polyamide present.

The flame retardant {b) optionally, comprises condensation products of
melamine and/or reaction products of melamine with phosphoric acid and/or reaction
products of condensation products of melamine with phosphoric acid and/or
comprising a mixture of these.

R, and R, may be identical or different and are preferably methyl, ethyt, n-
propyl, isopropyl, n-butyl, tert-butyl, n-pentyl and/or phenyl. R is preferably
methylene, ethylene, n-propylene, isopropylene, n-butylene, fert-butylene, n-
pentylene, n-octylene, n-dodecylene, or phenylene or naphthylene, or
methylphenylene, ethylphenylene, ferf-butylphenylene, methylnaphthylene,
ethylnaphthylene or fert-butylnaphthylene, or phenylmethylene, phenylethylene,
phenylpropylene or phenylbutylene. M is preferably aluminum ions or zinc ions.
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The flame retardant (b) compounds useful in the instant invention and as
detailed in the Summary of Invention above and elsewhere herein are disclosed in
U.S. Patent 6,255,371, which is hereby incorporated by reference herein.

Preferred phosphinates are aluminum methylethylphosphinate, and, more
preferably, aluminum diethylphosphinate.

The flame retardant (b) is present in the composition in an amount that is
about 10 to about 45 weight percent of the amount of polyamide component (a).
(E.g., if the composition comprises 40 weight percent of polyamide component (a), it
comprises about 4 to about 18 weight percent flame retardant.)

By the term “zinc borate” is meant one or more compounds having the

formula:
(ZnO)x(B203)y(H,0)z

wherein X is preferably between 2 and 4, inclusive; Y is preferably between 1 and 3,
inclusive; and Z is preferably between 0 and 5, inclusive. Zinc borate is sold and
supplied by US Borax under the tradename Firebrake®. Preferred forms of zinc
barate are of the formula selected from the group consisting of {(ZnO),(B203)3(H20)s5
(Firebrake® 290), (Zn0)4(B,03}{H20), (Firebrake® 415), (ZnO)2(B:03)s(H20)o
(Firebrake® 500), and mixtures thereof.

The zinc borate is present in an amount that is about 1 to about 5, or
preferably about 1 to about 4, or more preferably about 1.2 to about 3.7, or yet more
preferably about 1.4 about 3.6 percent of the weight of the flame retardant (b). For
the purposes of determining the amount of zinc borate present, if the zinc borate is a
hydrate (i.e., Z is not zerc), the weight of the corresponding anhydrous form of the
zinc borate is used, thus only the amounts of ZnO and B,0; present in the zinc
borate compound are considered to contribute to the zinc borate weight that is used
in the calculation. As used herein in conjunction with the amount of zinc borate used
in a composition, the term “zinc borate” refers to anhydrous form of the compound in
guestion.

The composition comprises glass fibers having a non-circular cross section.
The glass fiber having a non-circular cross section refers to a glass fiber having a
major axis lying perpendicular to a longitudinal direction of the fiber and
corresponding to the longest linear distance in the cross section. The non-circular
cross section has a minor axis corresponding to the longest linear distance in the
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 a cocoon-type (figure-
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eight) shape; a rectangular shape; an elliptical shape; a semielliptical shape; a
roughly triangular shape; a polygonal shape; and an oblong shape. As will be
understood by those skilled in the art, the cross section may have other shapes.
The ratio of the length of the major axis to that of the minor access is preferably
between about 1.5:1 and about 6:1. The ratic is more preferably between about 2:1
and 5:1 and yet more preferably between about 3:1 to about 4:1. Suitable glass
fiber having a non-circular cross section are disclosed in EP 0 190 001 and EP O
196 194. The glass fiber may be in the form of long glass fibers, chopped strands,
milled short glass fibers, or other suitable forms known to those skilled in the art.

The glass fiber having non-circular cross section used in the present invention
is present in about 20 to about 60 weight percent, or preferably in about 35 to about
60 weight percent, or more preferably in about 40 to about 55 weight percent, based
on the total weight of the composition.

The thermoplastic composition can include other fillers than the glass fiber
having non-circular cross section. Examples of the fillers include one or more of
glass fibers having non-circular cross section glass flakes, kaolin, clay, talc,
wollastonite, calcium carbonate, silica, carbon fibers, potassium titanate, etc.

When used, the fillers are preferably present in about 5 to about 40 weight percent,
or more preferably in about 5 to about 25 weight percent, or more preferably in
about 5 to 20 weight percent, based on the total weight of the composition.
The composition may optionally further comprise one or more additional flame
retardant synergists. Examples include silicone, metal oxides such as silica,

boehmite, aluminum oxide, iron oxide, titanium oxide, manganese oxide, magnesium

oxide, zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide, bismuth oxide,

chromium oxide, tin oxide, antimony oxide, nickel oxide, copper oxide and tungsten
oxide, metal powder such as aluminum, iron, titanium, manganese, zinc,
molybdenum, cobalt, b-ismuth, chromium, tin, antimony, nickel, copper and tungsien,
and metal salts such as barium metaborate, zinc carbonate, magnesium carbonate,
calcium carbonate, and barium carbonate. Preferred synergists are boehmite
(aluminum hydroxide oxide [AIO(OH)]) and/or aluminum oxide. When used, the one

or more synergists are present in about 10 to about 20 weight percent, based on the

total weight of synergist and flame retardant.

The composition may optionally comprise additional additives such as other
polymers, impact modifiers, ultraviolet light stabilizers, heat stabilizers, antioxidants,
processing aids, lubricants, and/or colorants (including dyes, pigments, carbon black,
and the like).
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The compositions are made by melt-blending the components using any
known methods. The component materials may be mixed to uniformity using a meit-
mixer such as a single or twin-screw extruder, blender, kneader, Banbury mixer, etc.
to give a resin composition. Or, part of the materials may be mixed in a melt-mixer,
and the rest of the materials may then be added and further melt-mixed until uniform.

The compositions of the invention may be formed into articles using any
knawn melt-processing means such as injection molding, blow molding, extrusion, or
thermoforming. Articles molded using injection molding are most preferred.

Examples of articles that may be formed from the compositions of the present
invention are electric appliance represented by an OA appliance such as a note-
book-type personal computer or a word processor. |

The invention will become better understood upon having reference to the
following examples of the invention together with the descriptiohs of preparation and

testing techniques and materials used.

EXAMPLES

Compounding

The polymeric compositions shown in Table 1 were prepared by
compounding in a 40 mm ZSK twin screw extruder. All ingredients were blended
together and added to the rear of the extruder except that fibers were side-fed into a
downstream barrel. Barrel temperatures were set at about 320-330°C. After exiting
the extruder, the blended compositions were cooled and cut into pellets. The pellets
were surface coated with 0.2 weight percent of calcium montanate.

Testing methods
Spiral flow was measured by injection molding of the thermoplastic

composition using an injection molding machine (SE30D, manufactured by Sumitomo
Co., Ltd.) with an injection pressure of 80 MPa, an injection rate of 150 mm/sec, and
a thickness of 0.3 mm at a melt temperature of 325 °C and mold temperature of 130
°C.

Tensile strength and elongation were measured using the ISO 527-1/2
standard method. Flexural strength and modulus were measured using the 150178-
1/2 standard method. Notched charpy impact was measured using the ISO 179/1eA
standard method. The samples were dry-as-molded (DAM) with at a melt
temperature of 325 °C and mold temperature of 90°C or 130°C The sample are ISO
4 mm bars molded on an injection molding machine at a melt temperature of 325 °C

and mold temperature of 90 -150°C

10
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Warpage was measured on a disk (150 mm diameter and 1.0 mm thickness)
that were dry-as-molded (DAM). The coordinates of 8 points marked equally around
the circumference of a disk placed on a flat stone table were measured with a
Mitsutoyo FJ704 Coordinate Measuring Machine. A virtual flat disk plane was
calculated from those eight coordinates, and the magnitude of warpage of the disk
can be expressed by the distance between the highest real point and the lowest real
point and the virtual flat plane.

The UL-94 flammability test was measured by using 0.8 mm thick bars. The
bars were conditioned at 230C for 48 hrs at 50% relative humidity and at 700C for
168 hrs in air oven.

Hardness was measured on a disk (150 mm diameter and 1.0 mm thickness)
using the JIS K5600-5-4 standard method. The disk was dry-as-molded (DAM) at a
melt temperature of 325 °C and mold temperature of 130°C

Gloss was measured on a disk (150 mm diameter and 1.0 mm thickness) by
a gloss meter VG-2000 (Nippon Denshoku IND. Co., Lid} with an angle of incidence
at 60°C. The disk was dry-as-molded (DAM) at a melt temperature of 325 °C and
mold temperature of 130°C.

The corrosive effect each composition had on molding equipment was tested
by running each sample through a Toshiba EC40 molding machine equipped with a
25 mm screw for 24 hours continuously. Each sample was dried in advance to a
moisture level below 0.1 weight percent. The hold up time in the molding machine
was 8 minutes, the melt temperature was 325-330 °C and the mold temperature was
90 °C. The screw head was equipped with a check ring made of CPM9V steel. The
outer diameter of the ring was measured prior to the molding run. After each molding
run, the screw was disassembled, any polymeric residues were removed from the
surface of the check ring, and the outer diameter of the ring was again measured.
The difference in diameters is reported in Table 1. The surface appearance of the
check ring was also checked visually and any observed corrosion is indicated in
Table 1.

Materials

Polyamide 8,7/6.6 refers to HTN 502HF NC010, available from E.I. du Pont de
Nemours.

Polyamide 6,7/6l refers to HTN 503 NCQ10, available from E.I. du Pont de Nemours
Polyamide 66 refers to FE3218, available from E.|. du Pont de Nemours

6-NDA refers to 2,6-napthalene dicarboxylic acid, available from BP Amoco

2,

Chemical Company.
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Boehmite refers to Celasule BMT-33, available from Kawai Sekkai Kogyo.

Zinc borate refers to Firebrake ZB, a zinc borate of the formula (ZnO)(B:03)s(H20)as
available from US Borax. The corresponding amount of anhydrous zinc borate is
given in Table 1-3. The amount of anhydrous zinc borate used as a percentage of
the flame retardant is also given in Table 1-3.

Flame retardant refers to Exolit® OP 1230, an aluminum diethylphosphinate

available from Clariant.

Circular glass fiber refers to Asahi FT 756D, available from Asahi Fiber Glass Co.,
Ltd

Glass fiber A refers to Nittobo CSG 3PA-820S available from Nittobo Co., Ltd. having
a elliptical non-circular cross section. The ratio of the length of the major axis to that

of the minor access is 4.

Glass fiber B refers to Nittobo CSH 3PA-870S available from Nitiobo Co., Ltd. having
a cocoon-type non-circular cross section. The ratio of the length of the major axis to
that of the minor access is 2.

Colorant refers to PAM(F) 25420 Black, available from Daini Seika Co., Lid.
Lubricant refers to Licomont CaV102, calcium montanate available from Clariant.

Examples 1-7 and Comparative Examples C-1— C-5

In Table 1, Comparative Example C-1, and Example 1 and 2 indicate that
polyamide 6,T/6,6 and 6,T/6,| blend reinforced with glass fiber having a non-circular
section had lower warpage than polyamide 6,T/6,6 and 6,7/6,1 blend reinforced with
circular glass fiber.

In Table 2, Comparative Example C-2, C-3, and Examples 1 and 3 indicate
that semicrystalline and amorphous polyamide blend has lower warpage than
semicrystalline polyamide alone.

In Table 3, Examples 4-10 demonstrated that there is no or very small
diameter change of check ring after 24 hours of molding when zinc borate is 0.06%
or above. Inthe cases of Comparative Example C-4 containing no zinc borate, the
diameter change of check ring is relatively large compared with Examples 4-10 and

the entire surface of the check ring showed corrosion.

12
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Table 1

Example C-1 1 2
Polyamide 6,7/6,6 27.25 27.25 27
Polyamide 6,T/6,1 11.7 1.7 11.6
Flame retardant 9 9 9
Zinc borate 0.2 0.2 0.2

Anhydrous zinc borate 0.17 0.17 017

Anhydrous zinc borate as a

percentage of weight of 1.9 1.9 1.9

flame retardant
Circular glass fiber 50
Glass fiber A 50
Glass fiber B 50
2,6-NDA 0.35 0.35 0.35
Boehmite 1.5 1.5 1.5
Colorant 1 1 1
Lubricant 0.2 0.2 0.2
Properties
Flow length (mm) 65 101 92
Tensile strength (MPa) 181 195 170
Tensile elongation (%) 1.9 1.6 1.5
Flexural modulus (GPa) 14.8 15.8 15.6
Flexural strength (MPa) 270 280 255
Notched charpy impact
(kJ/m2) 8 12.8 10.7
\DI(\garpage (mm) mold temp. 20 0.10 0.35
‘:ll\é%rggge (mm) mold temp. 356 1.39 123
Flammability UL94 V-0 V-0
Hardness 3H 4H 3H
Gloss 68 74 72

the composition.

13

Ingredient quantities are given in weight percentages based on the total weight of
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Table 2
Example C-2 3 C-3 1
Polyamide 6,T/6,6 38.95 27.25
Polyamide 6,T/6,I 11.8 11.7
Polyamide 66 39.3 275
Flame retardant 9 9 9 9
Zinc borate 0.2 0.2 0.2 0.2
Anhydrous zinc borate 0.17 0.17 0.17 0.17
Anhydrous zinc borate as a
percentage of weight of flame 1.9 1.9 1.9 1.9
retardant
Glass fiber A 50 50 50 50
2,6-NDA 0 0 0.35 0.35
Boehmite 1.5 15 15 15
Colorant 1 1 1 1
Lubricant 0.2 0.2 0.2 0.2
Properties
Flow length {mm) 48 102 101
Tensile strength (MPa) 180 170 195
Tensile elongation (%) 1.8 14 1.6
Flexural modulus (GPa) 16.3 14.9 15.8
Flexural strength (MPa) 288 256 280
Notched charpy impact (kJ/m2) 13.2 12.1 12.8
Warpage (mm) mold temp 90 °C 1.65 1.59 0.64 0.10
ll(\garpage (mm} mold temp 130 230 1.39
Flammability UL94 V-1
Hardness 3H 3H 4H
Gloss 62 68 74

composition.

14

Ingredient quantities are given in weight percentages based on the total weight of the
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What is Claimed is:

1. A flame retardant polyamide resin composition, comprising:

(a) about 30 to about 80 weight percent of a polyamide component comprising

(b)

about a blend of about 40 to 85 weight percent of one or more semi-
crystalline polyamides and about 15 to 60 weight percent of one or more
amorphous polyamides having repeating units derived from a carboxylic
acid component and an aliphatic diamine component, the carboxylic
component comprising at least 55 mole percent, based on the carboxylic
acid component, of isophthalic acid, and the aliphatic diamine component
being selected from the group consisting of hexamethylene diamine, a
mixture of hexamethylene diamine and 2-methyl pentamethylene diamine,
and a mixture of hexamethylene diamine and 2-ethyltetramethylene
diamine; in which the aliphatic diamine component contains at least 40
mole percent of hexamethylene diamine, based on the aliphatic diamine
component;

at least one flame retardant comprising one or more of a phosphinate of
the formula (I); a disphosphinate of the formula (lI); and polymers of (I}
and/or (11)

ﬁ -
R~ M ()
R, 0
0 ﬁ 2-
O—!Dl—w—R3—P—O M ()
Ry Ro n

wherein R, and R; are identical or different and are C, -GCg alkyl,
linear or branched, and/or aryl; R; is C-Cyp-alkylene, linear or
brénched, Cs-Cyo-arylene, -alkylarylene or -arylalkylene; M is
calcium ions, magnesium ions, aluminum ions and/or zinc ions;
mis2to3;nis1or3;andxis 1 or 2,

(¢) zinc borate; and

17
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(d) about 10 to about 60 weight percent of glass fiber having non-
circular section,
wherein the weight percentages of (a) and (d) are based on the total weight of
the composition; wherein flame retardant (b) is present in an amount that is
about 10 to about 45 percent of the weight of polyamide (a); and wherein zinc
borate (c) is present in an amount that is about 0.5 to about 5 percent of the

weight of flame retardant (b).

2. The composition of claim 1, wherein in the polyamide component the semi-
crystalline polyamide, is present in amount of between about 50 — 85 percent by
weight based on weight of polyamides and the amorphous polyamide is present in an
amount of between about 15 — 50 percent by weight based on weight of polyamides .

3. The composition of claim 1, wherein the at least one flame retardant (b) is
aluminumdiethylphosphinate and/or aluminum methylethylphosphinate.

4 The composition of claim 1 wherein the one or more semi-crystalline
polyamides are selected from the group consisting of polyamide 6; polyamide 6,6;
polyamide 4,6; polyamide 6,10; polyamide 6,12; polyamide 11; polyamide 12;
polyamide 9,10; polyamide 9,12; polyamide 9,13; polyamide 9,14, polyamide 9,15;
polyamide 6,16; polyamide 9,36; polyamide 10,10; polyamide 10,12; polyamide
10,13; polyamide 10,14; polyamide 12,10; polyamide 12,12; polyamide 12,13,
polyamide 12,14; polyamide 6,14; polyamide 6,13; polyamide 6,15; polyamide 6,16;
polyamide 6,13; poly(m-xylylene adipamide) (polyamide MXD,6);
poly(dodecamethylene terephthalamide) {polyamide 12,T); poly(decamethylene
terephthalamide) (polyamide 10,T); poly(nonamethylene terephthalamide)
(polyamide 9,T); hexamethylene adipamide/hexamethylene terephthalamide
copolyamide (polyamide 6,T/6,6); hexamethylene terephthalamide/2-
methylpentamethylene terephthalamide copolyamide (polyamide 6,T/D,T);
hexamethylene adipamide/hexamethylene terephthalamide/hexamethylene
isophthalamide copolyamide (polyamide 6,6/6,T/6,1); poly(caprolactam-
hexamethylene terephthalamide) (polyamide 6/6,T);

5. The compositioh of claim, wherein the one or more amorphous polyamides
are selected from the group consisting of poly(hexamethylene
terephthalamide/hexamethylene isophthalamide), poly(hexamethylene
isophthalamide), poly(metaxylylene isophthalamide/ hexamethylene isophthalamide),
poly(metaxylylene isophthalamide/ metaxylylene terephthalamide/ hexamethylene
isophthalamide), poly(metaxylylene isophthalamide/dodecamethylene
isophthalamide), poly(metaxylylene isophthalamide),

18



10

15

20

25

WO 2010/117708 PCT/US2010/029015

poly{dimethyldiaminodicyclohexylmethane isophthalamide/dodecanamide),
poly(dimethyldiaminodicyclohexylmethane isophthalamide/
dimethyldiaminodicyclohexylmethane terephthalamide/dodecanamide),
poly(hexamethylene isophthalamide/ dimethyldiaminodicyclohexylmethane
isophthalamide/dodecanamide), poly(hexamethylene isophthalamide/hexamethylene
terephthalamide/ dimefhyldiaminodicyclohexylmethane isophthalamid/
dimethyldiaminodicyclohexylmethane terephthalamide), poly(hexamethylene
isophthalamide/hexamethylene terephthalamide/
dimethyldiaminodicyclohexylmethane isophthalamid/
dimethyldiaminodicyclohexylmethane terephthalamide/dodecanamide) and,
poly(dimethyldiaminodicyclohexylmethane isophthalamide/
dimethyldiaminodicyclohexylmethane dodecanamide).

6. The composition of claim 1, wherein the zinc borate (c) is of the formula
selected from the group consisting of (Zn0)2(B203)5(H20)a5, (Zn0)s(B203)1{H20)1,
(Zn0)x(B203)3(H20), and mixtures thereof.

7. The composition of claim 1, wherein the semi-crystalline polyamides are semi-
aromatic polyamides selected from the group consisting of poly(dodecamethylene
terephthalamide), poly(decamethylene terephthalamide) poly(nonamethylene
terephthalamide), hexamethylene adipamide/hexamethylene terephthalamide
copolyamide, hexamethylene terephthalamide/2-methylpentamethylene
terephthalamide copolyamide, hexamethylene adipamide/hexamethylene
terephthalamide/hexamethylene isophthalamide copolyamide and and
poly(caprolactam-hexamethylene terephthalamide).

8. The composition of claim 1, wherein the glass fiber having non-circular section
is present in about 35 to about 60 weight percent.

9. An article comprising the composition of claim 1.

i9
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