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has an average length of 0.1 to 0.9 mm; and (C) 0 to about
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INJECTION MOULDED COMPOSITE WHEEL FOR A VEHICLE
Figid of Invention

The present invention relates {o the field of imjection molded composite
whaeels for a vehicle including motorized vehicles.
BACKGROUND QF INVENTION
Weight reduction in all types of vehidles, including motorized vehicles,

is an approach o improve the energy efficiency of vehicles. Glass reinforced
plastics have been g key candidate to replace metal 1o reduce weight of
vehicles. A plastic wheel rim is one example. Low density reinforced plastics
have been a key factor for plastic wheels in bicycle, all terrain-vehicle {ATV),
ufifity vehicle (UTV), and potentially automotive vehicle.

However, thermoplastics have lower strength and modulus compared
to metal. Fiber reinforcement significantly improves strength and modulus of
thermoplastics but reduces elongation at break and ultimately makes plastic
more brittle. It is desirable {0 have a reinforced thermoplastic with high
strength, high stifiness, and high elongation. Most 30~40 weight percent fiber
reinforcad thermoplastic polyamides and other polymers give 10~12 Gpa
tansile modutus and 2.5~3.0% elongation at break.

US 4,072 358 discloses a compression molded cut glass fiber
reinforced plastic wheel, said cut glass fibers being from 0,125 to 1.5 inches in
fength.

US 5,277,479 discloses a resin wheel comprising a rim and a disk
molded integrally, and the wheel 1s formed by injection molding a fiber-
reinforced thermopliastic resin whereain the fiber-reinforced thermoplastic resin
comprises short fibers (0.1 -0.5 mmj and long-fibers (> 1 mm).

Elongation is a key indicator for material toughness. Toughness is a
measure of the energy a sample can ahsorb before it breaks. The energy
absorption is chargeterized by an area under stress-sirain curve in tensile
testing. For compositions having tensile strength, the longer the elongation at
hreak, the higher the energy absarption, and the highsr the toughness.

Needed are fiber reinforced wheels that can be manufactured by
inexpensive imjection moiding processes, and exhibit high tensile modulus |

that is, greater or equal 1o 9 Gpa, and high elongation at break, that is, greater
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or equal to 4 % elongation al break. Such fiber reinforcad wheels would
provide the toughness properties satisfactory for many vehicle applications.
SUMMARY OF INVENTION
Disclosed is an injection molded composite wheel, comprising a

polyamide composition consisting essentially of
{A} about 20 o about 70 weight percent of at least one polyamide
resin comprising,

{1y about 80 o 100 mole percent of repest units
derived from one or more aliphatic dicarboxylic
acids and one or more aliphatic diamines, wherain
at least about 50 mole percent of the aliphatic
dicarboxylic acids and aliphatic diamines are
aliphatic dicarboxylic aoids andior aliphatic
diamines that have 10 or more carbon aloms,

{1} O to about 40 mole percent of repeat units derived
from one or more aromatic dicarboxylic acids, and

{B) about 30 to about 85 weight percent of one or more fiber
reinforcing agents wherein said fiber has an average length of
0.1 10 0.9 mm; and
{C} 0 to about 20 weight percent of one or more polymer impact
madifiers;
wherein the weight percentages of {4}, (B), and (C) are bassd on the total
weight of {A) + {B) + {C), and wherein 4 mm test bars prepared from said
polyamide composition have an average tensile modulus greater than or
sgual to about B GPa, a3 measurad by 180 527-1/2 and an elongation at
break of at least 4 % as tested according o ISO 527-2/1A; with the proviso
that when said at least one polvamide resin consists of PAB10, atleast 2
weight percent of one or more polymer impact modifiers is present.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross-sectional view of a whesl test specimen used inan

upward and downward {throw-down) impact test.
Figure 2 lusirates an idealized stress-strain curve.

[



R

A

WO 2012/012164 PCT/US2011/042320

DETAILED DESCRIPTION OF THE INVENTION
By a "vehicle” is meant any device which moves which is on wheels

and transparis people and/or freight or performs other functions. The vehicle
may be seif propelied or not. Applicable vehicles include automobiles,
motorcycles, wheeled construction vehicles, farm or lawn tractors, all terrain
vehictas (ATVs), frucks, frailers, bicycles, carmages, shopping carts, wheel
batrows, and dollies.

The injection molded composite wheel, comprises a polyvamide
composition comprising (A} about 20 to about 70 weight percent of at least
one polyamide resin, about 30 to about 85 weight percent of one or more fiber
reinforcing agents whereir said fiber has an average length of 0.1 10 0.8 mm;
and {C} 0 to sbout 20 weight percent of one or more palymer impact
modifiers,

Preferably the injection molded composite wheel consists essentially of
{A) about 20 o about 70 weight percent of &l least one polyamide resin, about
30 fo about 65 weight percent of one or mare fiber reinforcing agents wherein
said fiber has an average length of 0.1 10 0.9 mymy; and (C) 0 {o about 20
weight percent of one or more polymer impact modifiers.

Another embodiment is an injection molded composite wheel that
consists essentially of {(A) about 20 {o about 68 weight percent of at teast one
polyamide resin, (B} about 30 to about 85 weight percent of one or more fiber
reinforcing agents wherein said fiber has an average length of 0.1 10 0.9 mm,
and {C) 2 to about 20 weight percent of one or mare polymer impact
maodifiers,

Another smbodiment is an injection molded composite wheel that
consists essentially of (A} about 25 to about 65 weight percent of at least one
polyamide resin, {B) about 30 {0 about 65 weight percent of one or more fiber
reinforcing agents wherein said fiber has an average length of 8.1 10 0.9 mmy;
and (C) 5 to about 12 weight percent of one or more polymer impact
miodifiars.

The polyamide resin used in the present invention has a melting point
andfor glass transition. Herein melting pomnts and glass transitions are as
determined with differential scanning calorimetry (DSC) at a scan rate of 10
Cimin, wherein the melting point is {aken at the maximum of the endothermic
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peak and the glass transition, if evident, is considered the mid-point of the
change in enthalpy,

Polyamides are condensation products of one or more dicarboxylic
gcids and one or more diamines, and/or one or more aminocarboxylic acids,
and/or ring-opening polymerization products of ong or more cyclic lactams.
Suitable cyclic lactams are caprolactam and laurclactam. Polyamides may be
fully aliphatic or semi-aromatic.

Fully aliphatic polyamides used in the resin compaosition of the present
nvention are formed from aliphatic and alicyclic monomers such as diamines,
dicarboxylic acids, lactams, aminocarboxylic acids, and {heir reactive
equivalents. A suitable aminocarboxyvlic acid is 11-aminododecanoic acid.
Suitable lactams are caprolactam and laurolactam. In the context of this
invention, the term “fully sliphalic polyamide” also refers {0 copolymers
derived from twa or more such monomers and blends of two or more fully
aliphatic polyamides. Linear, branched, and cyclic monomers may be used,

The semi-aromatic polyamide is a copolymer, a terpolymer or more
advanced polymers formed from monomers containing aromatic groups.

Preferred polyamides disclosed herain are homopolymers or copolymers
wherein the term copolymer refers to polyamides that have two or more amide
and/or diamide molecular repeat units. The hamopolymers and copolymers
are identified by their respective repeat units. For copolymers disclosed
herein, the repeat units are listed in decreasing order of mole % repeat unils
present in the copolymer. The following list exemplifies the abbreviations
used to identify monomers and repeat units in the homopolymer and
copolymer polyamides (PAY):

HMD hexamethylene diamine {or 6 when used in combination with a
diacid)

T Terephthalic aoid

AR Adipic acid (or 6 when used in combination with a diamine}

oMD Decamethylenediaming

& &-Caprolactam

DDA Decanedivic acid

DDDA Dodecanedioic acid

| isophthalic acid
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MXD meta-xylylene diamine

TMD 1 4-tetramethvlene diamine

47 polymer repeat unit formed from TMD and T

BT polymer repeat unit formed fromHMD and T

o7 polymer repeat unit formed from 2-MPMD and T

MXDO6 polymer repeat unit formed from MXD and AA

&6 potymer repeat unit formed from HMD and AA

107 polymer repeat unit formed from DMD and T

410 potymer repsat unit formed from TMD and DDA

510 polymer repeat unit formed from 1,5-pentanediamine and DDA
610 polymer repeat unit formed from HMD and DDA

6512 polymer repeat unit formed from HMD and DBDA

o] polymer repeat unit formed from €-caprolactam

11 polymer repeat unit formed from 11-aminoundecanoic acid
12 polymer repeat unit formed from 12-aminododecancic acid

Nate that in the art the term “6” when used alone designates a polymer
repeat unit formed from €-caprolactam. Allematively “6” when used in
combination with g diacid such as T, for instance 87, the 6" refers o HMD. In
repeat units comprising a diamine and diacid, the diamine (s designated first.
Furthermore, when "8 is used in combination with a diamine, for instance 66,
the first "6" refers to the diamine HMD, and the second “8” refers {o adipic
acid. Likewise, repeat unils derived from other aming acids or lactams are
designated as single numbers designating the number of carbon atoms.

The polyamide resin usefud in the invention comprises (i) about 80 o
100 mole percent of repeat units derived from one or more aliphatic
dicarboxyhc acids and one or more aliphatic diamines, wherain at least about
50 mole percent of the aliphatic dicarboxyiic acids and aliphatic diamines are
aliphatic dicarboxylic acids and/or aliphatic diamines that have 10 or more
carbon atoms, and optionally, 0 to about 40 mole percent of repeat units
derived from one or more aromatic dicarboxylic acids. The polyamide resin
may be fully aliphatic or semi-aromatic.

The polyamide resin may consist essentially of 70 to 100 mole percent

of repeat units denved from one or more aliphatic dicarhoxylic acids and one
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of more aliphatic diamines and 0 1o about 30 mole percant of repeat units
derived from one or more aromatic dicarboxylic acids.

Suitable aliphatlic dicarboxylic acids for polyamide resins useful in the
invention include, but are not imited {o aliphatic carboxylic acids, such as for
sxample adipic aaid {C6), pimelic acid {C7), suberic acid (C8}, and azelaic
acid {C9). Suitable aliphatic dicarboxylic acids that have 10 or more carbon
atoms include, but are not imited o, decanedivic acid (L10), dodecanedicic
acid {C12), tridecanedioic acid {13}, tetradecanedioic acid (C14), and
pentadecanedioic acid {C15).

Suitable aromatic dicarboxylic acids for polyamide resins useful in the
invantion inchude, but are not limited {0, terephthalic acid, isophthalic acid,
phthalic acid, 2-methyl terephthalic acid and naphthalic acid. Preferred
aromatic dicarboxylic acids are terephihalic aoid and isophthalic acid.

Suitable aliphatic diamines for polyamide resins useful in the invention
include, but are not limitad {o, tetramethyiens diamine, hexamethylene
diamine, octamethylene diamine, 2-methyipentamethylene diamine, 2-
gthylletramethylene diamine, Z-methyvloctamethylenediamine;
trimethylhexamethylenediamine.

Suitable aliphatic diamines that have 10 or more carbon atoms include,
but are not timited to, decamethylene diamine, dodecamethylens diamine,
and tetradecamethylene diamine. Preferred sliphatic diamines that have 10
of more carbon atoms are decamethylene diamine and dodecamethylene
diamine.

Polyamides are condensation products of one or more dicarboxylic
acids and one or more diamines, and/or one or more aminocarboxylic acids,
and/or ring-opening polymerization products of one or more cychic lactams.
Suitghle cyclic lactams are caprolactam and laurolactam.

in one smbodiment the polvamide composition consists essentially of one
of more polyamide resins selected from the group consisting of
polv{hexamethylens decanediamide) {FAS10), poly(hexamethyvlene
dodecanadiamide) (PAG12), polv{decamethylene decanediamide) (FA1G1D),
and poly{hexamethylene dodecanediamide) /hexamethylene terephthalamide
(PAB12/6T), wherein said PAS12/6T has 3 67 repeat unit present at 20 to 30
mol percent.
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The one or more fiber reinforcing agents wherein said fiber has an
average length of 0.1 to 0.9 mm can be selected from the group conasisting of
glass fiber, carbon fiber, and a mixture thereof. The glass fiber can be of
circular or noneircular cross-section.

Glass fibers with noncircular cross-section refer to glass fiber having a
cross section having a major axis ing perpendicular to a longitudinal
direction of the glass fiber and corresponding to the longest! linear distance in
the cross section. The non-circular cross section has & minor axis
corresponding o 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 cotoon-type {figure-eight} shape, a
rectangular shape,; an elliptical 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
axig to that of the minor access is preferably betweern about 1.5:1 and about
&.1. The ratio is more preferably between about 2:1 and 51 and yst more
preferably betweean about 3:1 to about 4:1. Suitable giass fiber are disclosed
in EP ¢ 190 001 and EP 0 196 184,

The injection molded composite wheel, optionally, comprises 0 to 20
weight percent of one or more polymer impact modifiers. The polymer impact
modifiers comprise a reactive functional group and/or a metal salt of &
carboxylic acid.

in one embodiment the injection molded composite wheel comprises 2
to 20 weight parcent, and preferably 5 {0 12 weight percent polymer impact
modifiers. In another embodiment the polymer impact modifiers are selecled
from the group consisting of: 8 copolymer of ethylene, glycidyl (methjacrylate,
and optionally one or more {methjaorylate esters; an ethylengfa-olefin or
athviene/a-olefin/diens copolymer grafted with an unsaturated carboxylic
anhydride; a copolymer of ethylene, 2-isccyanatoethyl (methjacrylate, and
optionally one or more {meth)acrylate eslers; and a copolymer of ethylene
and acrylic anid reacted with a Za, L, Mg or Mn compound to form the
corresponding ionomer.

in the present invention, the polyamide compaosition may also comprise
additives used in the art, such heat sighilizers or anfipxidants, antistatic

g
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agents, lubricants, plasticizers, and colorant and pigmenis. Heat stabilizers
nclude polvhydric alcohols such as dipentaerythiital, copper stabilizers,
hindersd phenols, and mixtures thereof.

Hersin the polvamide composition is g mbture by melt-blending, in which alf
polymenc ingredients are adequatsly mixed, and all non-polymenc ingredisnts are
adequately dispersed in g polymer matrix. Any melt-blending method may be used
for mixing polymenc ingredients and non-polymeric ingredients of the present
invention. For example, polymeric ingredients and non-polymeric ingredients may be
fad int 3 melt mixer, such as single screw exiruder or twin screw exiryder, agitator,
single screw of twin scraw kneader, or Banbuiry mixer, and the addition step may be
addition of all ingredients at onge o gradual addition in hatches. When the polymeric
ingrediant and non-polymeric ingredient are gradually added in batches, a part of the
polymeric ingredients andfor non-polymeric ingredians is first added, and then is
mel-mixed with the remaining polymeric ingredients and non-polymeric ingredients
that are subseguently added, until an adequately mixed composition is obtained,
The ong or more fiber reinforcing agents may be added at the beginning of blending
or at someatimea during the blending process.

Elongation is a key indicator for material toughness. Toughness is a
measure of the energy a sample can absorb before it breaks. Figure 2 shows
an idealized stress-strain curve {11}, The energy absorption is characlerized
by an area under stress-strain curve {12} in fensile testing. When comparing
materials of similar tensile strength, the higher the glongation at break, the
higher the energy absorplion and the higher the foughness.

The present invention is further defined in the following examples. it
should be understood that these examples, while indicating prefesred
gmbodiments of the invention, gre given by way of illustration only. From the
above discussion and these examples, one skilled in the art can ascertain the
essential characteristics of this invention, and without departing from the spinit
and scope thareof, can make various changes and modifications of the
invention {o adapt ¢ 1o various uses and conditions.

Methods
Test Msthods

Teasile strength, slongation at break, and fensie modulus were tested

on & tensilte testar from Instrie-Met Corporation by 18O 527 -1/-2 a1 23 °C and

strain rate of 5 mmimin on samples that were dry as molded.
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Notched fzod was tested on a CEAST impact Tester by SO 180 a1 23
°C on a Type TA multipurpose specimen with the end tabs cut off. The
resulting test sample measures 80 x 10 x 4 mm. (The depth under the notch
of the specimen was Bmm). Specimens were dry as molded.

Un-nofched fzod was tested on a CEAST mpact Tester by 150 180 at
23 °C on a Type 1A multipurpose specimen with the end tabs cut off. The
resuliing test sample measures 80 x 10 x4 mm. Specimen were dry as
molded.

Dynatup drop weight impact test was performed according to ASTM
03783 using 3 10000 LB cell at 23 9C. The samples were molded 4 inch
diameter disc of 8.125 inch thickness. The ring size was 4.5 inch and the
drop spesd was 3.2 misecond. The resulls of this test are listed in Table 2.
impact tests of whesl test specimens

Figure 1 illustrates a cross-secional view of a whes! test specimen
used inan upward and downward Ghrow-down} impact test. The wheet! test
specimen was a tub (1) nominally about 10 inches i diameter by 4 inches
deep, with a flange (2) approximately 0.75 nches in annular width, prajecting
outwardly at about a 80 degree angle from the tub wall {3}, running arcund the
open end of the tub.

The tubs were injection molded using the following procedure:
pelietized compositions were dried in a desiccant {dew point of -40 °F) dryer
at 180 °F for & hours and were then fed into a 500 Ton Van Dom injection
molding machine and processed using a general purpose screw at a meit
ternperature of about 580 to 580 °F, and a mold temperature of 285 to 265 °F,
with core temperatures of 275 {0 280 °F. The thickness of the fub was about
0.200 to 0.250 inches. The molded components were allowed fo rest 1010 12
hours to cool and relax stress due to the molding process,

Upward vertical impact test

The twb was taken in hand grasping the flange such that the fingers
wrap onto the inner surface of the tub and the palm of the hand rests on the
outside wall of the tub. Holding the tub firmly, the fub was swung back by the
arm approximately 45 degrees, and then thrown in the air fo af least 25 feet to
about 30 feetf, as nearly vertical as possible, attempling {o cause the fub to
rotate about its axis, and allowing the tub to fall onto a level open area, paved

4
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with concrets. The tub was inspected for cracks. The number of times the
tuh had fo be thrown {o provide a crack by visual inspection was recorded
Downward impact {est

An operator grasped the fub as disclosed above, ook a small step
back with the oot on the same side as the hand holding the fub, and swung
the fub back and 360 degrees around and threw overhand onto a level open
grea, paved with concrete, at as close to verlical 1o the concrete as possible.
The tub was inspected for cracks. The number of times the fub had to be
thrown o provide a crack by visual inspection was recorded.

The tub s considered of marginal performance if there are cracks
evident after & cycles, and acceptable performance is no cracks afier 10
cycles through each procedure. Highly desirable performance 18 no cracks
after 15 cycles through each procedure. Tubs showing no cracks after 15
cycles indicate the malerial comprising the tuls is appropriate for use in
demanding dynamic structural applications such as ATV wheels.

Materials
PABE refers to an aliphatic polyamide made of 1,8-hexanedioic acid

and 1.6-hexamethylenediamine having an relative viscosity in the range of 46
~ 51 and a melting point of about 263 °C, available from E1. DuPont de
Nemours and Company, Wilmington, Delaware, USA under the trademark
Zytei® 101NCO10.

PAB refers to Ultramid® B27 poly(c-caprolactam) available from BASF,
USA.

PAB1Q refers (o Zytel®FES10064 polyamide 610 made from 1,8-
diaminohexane and 1,10-decgnedioic acid available rom Bl DuPont de
Nemours and Company, Wilmington, Delaware, USA,

Polvamide 1010 is a polvamide 1010 (Type 12} made from 1,10-

decaneadinic acid and 1,10-daiminodecane by Xinda Corporation, W,
China.

PAB12/6T copolymer made from 1,6-diaminohexane, 75 mole percent
1.12-dodecanedioic acid, and 28 mole percent terephthalic acid available from
E. {. du Pont de Nemours and Company, Wilmington, DE (Zytel®FE310054).
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Glass Fiber refers to ChopVantage® 3680 chopped glass fiber
{nominal length 3.2 mm) available from PPG Industries, Pittsburgh, PA 15272,
USA.

{alass Roving refers to PPG4588 glass roving (continuous fiber)
available from PPG industres, Piltsburgh, FA 15272, UBA

Carkon Bber refers to Panex® 35 carbon fiber {(nominally 0.8 cm long)
manufactured by Zoltek Corp., Bridgeton, MO 83304, USA. In compounding.
this fiber breaks down to provide average fiber lengths typically less than 0.5
mm.

Engage® S180 copolymer is an sthylene/  clane copolymer from Dow
Chemical, Housfon, TX, USA.

TRXE301 copolymer is maleic anhydride modified EPDM available

from E.I DuPont de Nemours and Company, Wilmington, Delaware, USA.
Color congentraie | refers to 44% carbon black master batch in

polyamide terpolymer avatlable from Americhem inc., Cuyahoga, OH, USA)L

polyamide 6 available from Clanant Corp.
Color cancentrate [l refers to 40% Nigrosin master batch in polyamide

& available from Dupont, Wilmington, DE.
Gu heat stabilizer refers to a mixture of 7 parts of potassium wdide and

1 part of copper indide in 0.5 part of a stearate wax binder.
Licomont® CaV 102 fine grain is calcium salt of montanic acid

available from Clanant Corp., 4132 Matlenz, Switzerland.

Aluminum Distearate is a wax supplied by PMC Global, inc. Sun
Valley, CA, USA.

Examples 1+4 and G1-C2

The compositions listed in Table 1 were compounded with a 28~30 mm
10-harrel twin screw extruder at 250 RPM screw speed, 30 pounds per hour
throughput, and barrel temperature setting of 270~290 °C. All ingrediants
were fed from the back of the extruder except the glass fiber which was fed
from side of the exiruder. The compounded pellets were dried and molded
into dmm IS0 multipurpase tensile bars on a Nesset Injection Molding
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Machine FN3000 with a melt temperature of 280-2857C and with a general
compression screw. The resulls of Physical testing are listed in Table 1.
Exampies 1-4 show tensite modulus of 8 Gpa or greater indicating the
compositions are suifably stiff, and yet the Examples exhibil substantially
higher elongation at break than the comparative examples, from 33 % to 150

Y higher slongstion,
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Table 1
Example 1 G2 1 2 3 4
PABG 52.35 48,98
PATOTOD 589.35 4858
PAB1Z2/8T 58.35 49.98
Engage 8180 564 564 584
TRX-301 A75 375 375
Glass fiber 40 44 40 40 40 40
Cu heat stabilizer 0.4 0.4 0.4 0.4 0.4 0.4
Licomont® CaV 102 Q25 0.25 0.25 3,25 (.25 .25
Total 100 100 100 100 100 100
Physical Properties
Tenside strength
{(Mpa) 224 164 175 187 147 178
Tensile Modulus
{Gpa) 13.5 11.8 11 12 104 g
Elongation (%) 3.02 2.83 4.9 4 7.5 5]
Notched fzod
(m2) 13.5 21.2 21 17 3589 316
Unnotched
fzod{Kdm2) 78 84.6 100 83 121 107
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Examples &, 6 and C3, C4, and L5

The compositions of Examples §, 6 and G3 listed in Table 2 ware
compounded with g 58 mm 10-barrel twin screw extruder at about 300 RPM
screw speed, about 600 pounds per hour throughput, and melt temperature of
330 - 340 °C,

Compasition C4 was compounded with a 26~30 mm 10-barrel twin
screw extruder at 250 RPM screw speed, 30 pounds per hour throughput, and
barrel temperature sefting of 270~290 °C. All ingradients were fed from the
hack of the extruder except the glass fiber and carbon fiber, which were fed
from side of the exirudes.

The compounded pellets were dried and molded into dmm ISC
multipurpose tensile bars on a Nessel Injection Molding Machine FN3000 with
a melt temperature of 280-285 °C and with a general compression screw. The
resulis of Physical testing are listed in Table 2.

Composition C8 was made on a pultrusion machine and cut into 11-14
mm pellets after processing.

Wheel test specimens in the form of lubs were injection molded and
testad using the procedure disclosed in “impact tests of wheel test
specimens.”

Examples b (PAB12/6T) and 8§ (PAB10), at the same level of impact
modifier and glass fiber as the Comparative Example C3 (PABB/PAS blend)
showed comparable tensile modulus to C3, yet exhibited about 50 to 66 %
higher elongation 1o break. The Upward vertical impact fest and downward
impact tests on test tubs indicated that Examples 5 and 6 exhibited surprising
and unexpected improvement in performance relative o that of comparative
example G3 and indicates that the relatively high elongation to break, thatis 4
Y OF mare, correlgted with improved resistance to crack failure in the fest
tubs.

Comparative Example C4 comprising PAG10 with no polymer impact
modifier exhibited a 3.35 % elongation.

Comparative Example 08 shows that long glass fiber made using a

pultrusion process axhibits an elongation at bregk of only 2.2 %
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Table 2
Example C3 5 8 - T4 Ca
FALG 28.81 1 55,2
PAS 17.71 ‘ 3.82
PABT/GT ' 1 49,18 ‘
PAGIC 4916 | 5835
Engage 8180 5.84 5,64 564
TRX-301 375 3.75 375
(Glass fiber 30 30 30 40
Carbon fiber 10 10 10
Cu haat stabilizer 0.4 Q.4 04 0.4 0.3
Glass roving ' | Eh
Color concentrate | Io244 ' ‘
Color concentrate §f 8.8 g8
Color concantrate i ‘ Q875
Licomont® CaV 142 0.25 0.25
Aluminunt disleamta .25 025 | g1
Total 100 100 100 | 100 100
Physical Properties o o o o
Tensile strength (Mpa} 172 158 187 184 240
Tensile Modulus {Gpa) 143 14 15 1 42 14
Elongation {%) 2.94 4.94 4.38 3.35 2.2
Notched lzod (Kdm2) 16.4 28.5 285 | 164 35
Linnotched
fzod{Kdim2) 78 a0.8 84.3 77 76
Upward impact test, ‘
# of throws” 5 7 18
Downward impact test
# of throws” 4 25 30
Dynatub impact Strength, 23 °C
Total energy () 13,93 17.2 1656 | 508 12.03
Time fo fail (ms) 1.8 2.3 2.21 1,23 1.47
Energy to fail {4} 13,77 17.04 1545 | 487 8.84

* Samples allowed fo rest at least 2 hours before testing



R

A

WO 2012/012164 PCT/US2011/042320

CLAIMS
We claim:
1. A injection molded composite wheel, comprising a polyamide composifion
consisting essentially of
{A} about 20 fo about 70 weight percent of at lsast one polyamide
resH COmprising,

i.  about 80 {o 100 mole percent of repeat units
derived from one oF more aliphatic dicarboxylic
acids and one or more aliphatic diamines,
wherein al least about 50 mole percent of the
aliphatic dicarboxylic acids and aliphatic
diamines are aliphatic dicarboxylic acids andfor
aliphatic diamines that have 10 or more carbon
atoms, and

it 0o about 40 maole parcent of repeat unils
derived from ong or more aromatic dicarboxylic
acids,

{B) about 30 to about 85 weight percent of one or more fiber
reinforcing agents wherein said fiber has an average length of
0.1 to 0.8 mun; and
{10 to about 20 weight percent of one or more polymer impact
modifiers;
wherein the weight percentages of {A}, (B), and (C) are hased on the tolal
weight of (A} + (B) + {C), and wherein 4 mm test bars prepared from said
polyamide compaosition have gn average tensile modulus greater than or
egual to about B GPa, as measured by 180 527-1/2 and an elongation at
break of at least 4 % as tested according to IS0 827-2/1A; with the proviso
that when said at least one polyamide resin consist of PAB10, atleast 2
weight percent of one or more polymer impact modifiers is present.

2. The composite whes! of claim 1 wherein the at least oneg
polvamide resin comprises 70 {0 100 mole percent of repeat units derived
from one or more aliphatic dicarboxylic acids and one or more aliphatic
diamines and 0 to aboutl 30 mole percent of repeat units derived from one or

more aromatic dicarboxylic acids.
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3. The composite wheel of claim 1 wherein the at least one
polyamide resin is selected from the group consisting of polythexamethylene
decanediamide) (PAB10}, polv{hexamethyiens dodecanediamide) (FAG12),
poly{decamathylens decanediamide) {PAT010), and poly(hexamethylens
dodecanediamide) /hexamethylene terephthalamide (PAB12/6T), wherein said
PAB12/6T has a 67 repeat unif present at 20 to 30 maol percent.

4. The compaosite wheel of claim 1 wherein (B) one or mare fiber
reinforcing agents is present at about 30 1o about 50 weight percent.

5. The composite wheel of claim 1 wherein one or more fiber
reinforcing agents is selected from glass fiber, carbon fiber, or g8 mixture
thereof.

8. The composite wheel of claim 1 that consists essentially of (A}
about 25 to about 65 weight percent of at least one polyamide resin, about 30
{o about 65 weight percent of one or more fiber reinforcing agents: and (G} 5
to about 12 weight percent of one or more polymer impact modifiers.
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