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REFLECTORS FOR LIGHT-EMITTING DIODE ASSEMBLIES
CONTAINING A WHITE PIGMENT

BACKGROUND

204 Light-emitting dicdas, commonly called LEDs, continue to increase in
g "l 4

popiarity as a fight source for use in many and diverse applications. The demand
for LEDs has grown rapidly, especially in the last five years. LEDs are being used
as light sourcas in numerous applications due to thelr many advantages aver
conventionat light sources. LEDs generally consume significantly less power than
incandescent and other light sources, require a low voltags 1o operale, are
resistant to mechanicg! shock, reguire low maintenance, and generate minimal
heat when operating. As a result, LEDs ave displacing incandescent and other
light sowrces in many uses and have found applications, for instance, as fraffic
signals, largs area displays, interior and aexterior lighting, celiular telephone
displays, digital clock displays, displays for consumer applianceas, flashlights, and
the jikea.

jo02] LEDs gensrally include a light-emitting diode mounted on a substrate
that is electrically connected to a lead frame. The lead frame typically includes two
terminals for connecting the LED {0 a power source. The light-emifting diode is a
semiconductor device fabricated similar to the manner in which integrated circults
are produced. For instance, the light-emitting dicde can be made from several
layers of material that are ssquentially deposifed on a semiconductor substrate.
The light-emitting diode within the semiconductor material includes an n-type
material separated from a p-type material by an active layer. When a voltage is
applied {o the dicde, positive charges or “holes” from the p-type material move
towards the active layer while the negative charges or electrons from the n-ype
material also maove fowards the active layer in an opposite direction which
produces light. In particular, the moving electrons release energy in the form of
photons. Thus, one significant advantage of LEDs is that the devices produce light
without a filarnent that will burn out over time. Thus, LEDs last a relatively long
time, can be made to be very compact, and are very durable. Further, since a
tilament is not heated in order to produce light, LEDs are also very energy efficient.
F003] After a light-emitting diode is fabricated, the semiconductor chip can be

mounted adjacent {0 g reflector and conngcted to a lead frame. The lead frame
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can include an anods erminal and a cathode terminal for applving power to the
gssembly. in cedain embodiments, the LED element located within the reflactor
can be sealed by a franslucent or ransparent resin. The transparent or
transiucent resin may serve as a lens for further enhancing the light that is emitted.
{G04} The reflector for the LED can also serve as the housing for the LED and
is typeally made from a molded polymeric resin, For example, the polymearic resin
cart be infection molded to form the housing and reflector. In one smbodiment, the
polymeric resin is injection molded over a lead frame for integrating the lead frame
into the LED assembly.

{G08) The molded polymer rasin used tn form the reflector preferably
possessas a particular combination of characteristics and properties. For instance,
the polymer resin should be well suited to reflecting light at the wavelength at
which the LED operates. Many LEDs, for instance, are designed to emit a white
ight. Thus, the polymer resin used o form the reflector should reflect a significant
amount of light in the visible light region and particularly should reflect a significant
percentage of light in the blue light wavelength range. Reflecting fight in the blue
wavelength range, for instance, has besn found to significantly enhance the
brightness of the LED, since LEDs that amit a white light emit & sigrificant amount
of light in the blue wavelength range. Increasing the reflectance of the reflector as
high as possible minimizes loss of light when the LED is being operated.

{008} The polymer resin used {o form the reflector should also possess a high
whileness index. The whiteness index of the reflector indicates how well the
reflector can reflect light over the entire visible light wavelength range (fram about
400 nm {0 about 700 nmy). In general, the higher the whiteness index of the
material, the higher the reflectance of the material. A material possessing s white
index value of 100, for instance, is considered a substantially perfect reflecting
diffuser.

{6071 in addition to having excellent reflectance properties, the polymer resin
used to form the reflector should also have good melt flow properties during
infection molding of the parts. For instance, many LED structures arve relatively
small having dimensions that at times can be less than 1 millimeter, Reflectors
can alsae have relatively complex shapes depending upon the particular application
and the geomestries of the lead plate in the LED, Thus, when the polymer resin is

2
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heated, the polymer should have sufficlent flow propsrties in order to uniformiy and
repeatadly fill the interstices of the mold. The polymer resin should also have 8
stable viscosity that does not fluctuate during processing.

{0G8] In addition to the ghove, the polymer resin used to form the reflecior
shiould have sufficient heat resistance ncluding long term aging stability when
gither being soldered onto an adjacent part or when exposed to the oparating
temperatures of the LED. Many LED assembiiss, for instance, are attached to
circuit hoards and other subsirates using reflow oven welding processes that
operate at temperatures up o about 260°C. The polymer resin should have good
heat resistance proparties to the reflow process and should not blister or otherwise
deleriorate when subjected to the welding conditions.

§0051 During use, the LED also generates heat which is absorbed by the
reflector. In the past few years, the amount of heat generated by the LED has
increassd as the LED element power has increased. When subjectad to heat
during welding andfor heat during use, the reflectance properties of the polymer
resin shoudd not deteriorate. In the past, for instance, exposure to high
temperatures and/or repsated heating and conling during use have caused
palymer resing to yellow. Yellowing causes the whiteness index of the resin to
lower. Yellowing is especially a problem for LEDs that emit blue light since vellow
surfaces have a tendency to absorb light in the blue wavelength range.

(00107 In addition to the above, the reflector is generally a thin small part and
requires satisfactory mechanical sirength, Thus, reflectors should also have
sufficient impact strength to avoid breakage during assembly of the LED and
during use of the LED.

{0011} In LS. Patent Publication No. 2007/0213458 entitled "Light-Emitting
Diode Assembly Housing Comprising Poly{oyclohexanedimethanol terephthalate)
Compositions”, a reflector for an LED is disclosed that is made from a
poly{cyclohexanedimethanol terephthalate) (hereinafter "PCT) compaosition. The
458 application, which is incorporated herein by reference, has made great
advancas in design and function of LEDs. The present disclosure, however, is
directad to further mmprovements.  In particular, the present disclosurs is ganarally
directed 1o a reflector for an LED made from a PCT polymer compasition that has

improved reflectance characteristics,
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SUMMARY
P01 In general, the present disclosure is directed to & polymer composition
and to molded articles made from the composition. The polymer composition of
the present disclosure can be formulated to have excallent reflectance properties.
Iy addition, the composition can be formulatad so as 1o have excellent melt flow
characteristics. For instance, the compaosition can have a relatively low malt
viscosity at higher temperatures. Although numercus articles can be made from
the composition, in ane embodiment, the composition can be used to produce a
molded reflector for 3 light source, such as a lightemitting diode.
[0013]  More particularly, the present disclosure is directed o incorporating a
particular type of white pigment into a polymer compaosition in order to improve the
reflectanae properties of the compaosition. For ingtance, in one embodiment, the
white pigment comprises Type i chalk resistance particles according to ASTM
0478 classifications. For example, the Type H chalk resistance particles may
comprise tifanium dioxide particles. Of particular advantage, i was discovered that
the above particles increase the reflectance properties while minimizing mel
viscosity increases. Other white pigments, for instance, have a tendency to
increase melt viscosity when added to the polymer compaosition andfor do not
provide the desired reflectance properties. Minimizing increases in melt viscosity
ts particularly important when molding small parts with three-dimensional featuwres,
such as reflactors for light-emifting dicde assemblies.
[004]  In one embodiment, for instance, the present disclosure is directed 1o &
molded reflector surrounding a light-emitting source. The reflector is moldad from
a polymeric material. The polymeric material may comprise any suitable
tharmoplastic polymer or a blend of polymers that have properties suitable for use
as a reflector. Polymaeric materials that may be used include polvester polymers,
fiquid crystat polymers, and blends thersol, In one embodiment, for instance, the
polymeric material is comprised of poly(1 . 4-cyclchexanadimsthano! terephthalate).
[00158]  In accordance with the present disclosure, the polymeric material is
blendad with a white pigment. The white pigment can comprise Type I chalk
resistance particles as classified according to ASTM Test D478, none
embodiment, for instance, the white pigment may comprise titanium dioxide
particles having the above chalk resistance characteristics. The titanium dioxide
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particles may have a neutral tint or a blue tint, In one embodiment, the titanium
dioxide particles exhibit a pH of greater than about 7, such as greater than about
[O018]  In order to produce titanium dioxide particles having the chalk resistance
characteristios, iin one embodimant, the particles may include a swiface freatment,
The surface treatment may comprise an alumina alone or in combination with ather
components. For instance, in one embodimant, the surface treatment may
comprise aluming in combination with a polysiioxane.

[0017]  Once the white pigment as described above is combined with the
polymernic material, the resulling polymer compaosition may be used {o form the
molded reflector and can have an initial reflectance at 480 nm of greater than
about 86%, such as grealsr than about 80%, such as greater than about 83%,
such as greater than about 85%. The initial reflectance at 460 nm s generally less
than 100%, such as less than about B88%. The polymer composition can also have
an initial whiteness index of greater than about 88, such as grestsr than about 82,
such as greater than about 95, The initial whiteness index is generally less than
103, stich as less than about 100, The polymer composition can also have a
whiteness index afler aging at 200°C for four hours of still greater than about 50,
such as greater than about 80, such as greater than about 62, such as greater
than about 658, such as greater than about 88, such as sven greater than about 70.
In general, the whitensss index after aging at 200°C is less than the initial
whitenass index of the material and is generally lass than about 88, such as lass
than abowt 85

{00181  As described above, the white plgment improves the reflectance
properiies of the polymer while minimizing increasas in melt viscosity, Inone
gmbodimeant, for instance, a polymeric material formulated in accordance with the
present disclosure has a mell viscosity at & shear rate of 1000/s8¢ and at 308°C of
less than about 300 Pa.s, such as less than about 2580 Pa s, such as less than
about 200 Pa s, such as less than about 180 Pa.s, such as less than about 100
Fa.s when measured using a capillary rheometer. In general, the mell viscosily at
the above conditions can be greater than about 30 Pa.s, such ag greater than
about 50 Pas.

(87
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[0018]  In addition to a polymer resin and a white pigment, the polymeric
material can also contain various other ingredients and components in various
amounts. In ong embodimant, for instance, the polymeric material can further
cortain an inorganic filler. In one particular embodiment, the polymaeric material
contains from about 20% to about 80% by waight of a PCT polymer, from ahout
1% to about 40% by weight of the inorganic filler, and from about 15% to abouwt
50% by weight of the white pigment.
{00201 In addition to the above components, in ong embodimant, the polymaerie
material may contain a componernt that reacts with the polymer resin, such as an
epoxy resin, a phenoxy resin, or combinations thereof. The reactive component
may be present in an amaount of fror about 0.2% to about 8% by weight.
[0021] In one embodiment, the polymeric material can further contain a
polytetraflucrosthylene polymer. The polvtetrafluorosthylene polymer can be
present in the polymaeric material in an amount from about 1% to about 10% by
weight.
{00221  The polymeric matarial may also include one or more impact modifiers.
The impact modifiers may be reactive or non-reactive. For instance, in one
amnbodimernt, the polymeric material containg a terpolymer of ethyleneg, methyl
acrylate and glycidyl (meth) acrylate.
{00231  In another embodiment, the polymeric material containg an ethylene-
{methylacrylate copolymer. In still another embodiment, the polymeric materiat
may include & combination of the terpolymer of ethviene, methyl acrviate and
glycidyt {meth) acrylate and an ethylene-(methyhacryvlate copolymaer,

BRIEF DESCRIPTION OF THE DRAWINGS

(00241 A full and enabling disclosure of the present invention, including the best

mode tharsof to one skilled in the art, is set forth more particularly in the remainder
of the specification, including reference to the accompanying figures, in which:
Figure 1 is a perspective view of one embodiment of an LED assembly
made in accordance with the present disclosurg;
Figure 2 s a plan view of the LED assembly illustrated in Figure 1,
Figure 3 is a perapective view of another embodiment of an LED

assembly made in accordance with the present disclosure; and
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Figure 4 Is a parspective view of one-half of & mold used for measuring
spiral flow length.
{0028]  Rsepaat use of reference characters in the presant spesification and
drawings is intendsd to represent the same or analogous features or elements of
the present invention.
DETAILED DESCRIPTION

[0028]  His to be undersiood by one of ordinary skifl in the art that the present

discussion is a description of examplary embodiments only, and is not inlended as
fimiting the broader aspects of the present disclosure.

[0O27]  In general, the present disclosure is directed to 2 polymer composition
and o ariclas mades from the composition that can exhibit various properties that
relate to reflectance, whiteness, flow properties duwing melt processing and/or
mechanical properties such as impact strength., The composition of the present
disclosure can be used in numerous and diffsrent end use applications. For
instance, the composition can be used as a reflector for light. For example, the
polymer composition may be used to produce a reflector for LED assemblies, may
be used as a component in a sign, such as a lighted sign, may be used as & label,
or in any other suitable application where high light reflectance properties are
desired.

{O028] Iy one embodiment, as described above, the polymer composition is
well suited to praducing a reflector for a fight-emitting dicde. The present
disclogure is also directed to a polymer composition that is well suited for use in
produsing light-emitting dinde assembliss.

{00281 The polymer composition of the present disclosure generally contains a
polymear resin in combination with a white pigment. Optionally the compaosition can
also contain a reinforcing agent, such as a filler or reinforcing fibers.

00301 In accordance with the present disclosure, the white pigment comprises
Type H chalk resistance particles as classifiad according to ASTM Tast D476, For
example, in ohe embodimeant, the white pigment comprisas particles that include a
swrface treatment that produces the chalkk resistance properties. The present
invantors discoverad that the above while pigment particles maximize the increase
in initial reflectance of the resulting polymeric material while minimizing the impact
the particles have on the melt viscosity of the matarial.

7
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{0031]  In general, any suilable pardicles may be used that have Type Ui chalk
resistancs as described above. In one embodiment, for instance, the particles
may comprise titanium dioxide particles. The fitanium dioxide particles may
comprise, for instance, rutile ttanium dioxide. Various other white pigiments that
may be used if found {o have suitable properties include other metal oxide
particles. Such particles may includs calcium carbonate particles, magnesium
oxide particles, zine oxide parlicles, white lead, aluminum oxide parficles, barium
sulfate particles, and the like.

{00331 In one embodiment. a swiace treatment may be applied 1o the particles.
The surface traatment on the white pigment can vary as long as the particlas have
the required chalk resistance characieristics. In one embodiment, for instance, the
white pigmant comprises titanium dioxide particles that include a swiace freatment
containing alumina. The surface treatment may comprise aluming alone or in
combination with other components. For instance, in oneg embodiment, the swiace
treatment comprises a combination of alumina and a polysiloxane.

{00331  The white pigment may, overall, have a neutral tint or have a blue tint,

Irr one embaodiment, the particles are slightly basic when combined with distilled
water and measurad for pH. For example, the white pigment particles may exhibit
a pH of greater than abowt 7, such as greater than about 7.5, The pH of the
particles is generally less thar about 9, such as less than about 8.5

00341 In order to obtain the necessary reflactance characteristics, the white
pigmeant particles are present in the polymeric material in an amount greater than
about 10% by weight, such as in an amount greater than about 15% by weight,
such as in an amount greater than about 168% by waight, such as in an amount
greater than about 17% by weight, such as in an amount greater than about 18%
by weight. The white pigment particles are generally present in an amount less
than about 50% by weight, such as iy an amount less than about 40% by weight.
in one embodiment, for instance, the parlicles are present in the polymeric material
in an amount from about 15% to about 50% by weight, such as in an amount from
about 18% to about 40% by weight.

{08381 The size of tha white pigment particles can vary depending upon the

particular application. In general, the particles can have an average diameter of
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from about 10 nm to about 20,000 nm, such as from about 180 nm to about 500
FHTL
[0036] O particular advantage, the while pigment particles having the chalk
resistance characteristics described above have been found o have a minimal
effect on the melt viscosity of the polymeric material during melt processing. For
example, when present in the amounts described above, the particles increase
el viscosity in an amount less than about 18% by waeight when present in
amounts up to 258% by weight.
{0037 Of particular advaniage, polymer compositions can be formulated in
accordancs with the prasent disclosure having the desired reflectance
characteristics while having a mell viscosity at a shear rate of 1000/sec and at
305°C {ASTM Test D3B3E-08) of less than about 250 Pa.y, such as less than
ahout 225 Pa.s, such as less than about 200 Paxs. The mell viscosity of the above
conditions is generally greater than about 30 Pa.s, such as greater than about 40
Pa.s, such as greater than about 50 Pa.s.
[0038]  Maintaining lower melt viscosities during melt processing provides
various advantages and benefits. For instance, reflectors for light-emitting diodes
generally have dimensions that are measurad in millimeters and can include s
three-dimensional configuration. For instance, such reflectors typically include
cavities that are configured to swrround the light-emitting dicde and that have a
depth greater than the fight-emitting dicde. Maintaining a low mekl viscosity allows
the polymer compasition o flow svenly within the small molds and to fill the
irterstices of the molds in a uniform manner.
[G030]  With respect o the melt flow properties, for instance, in one
aembodimeant, the polymer composition can have a spiral flow length of at least five
inches, such as at least six inches, such as even at least seven inches. In general,
the spiral flow length is less than about fifteen inches, such as less than about
twelve inches. As used herein, the spiral flow length is detenmined at &
tamperature of 305°C and at a mold temperature of 120°C. Spiral flow length is
measired by injecting the polymer composition into a mold as shown in Fig. 4
{one-half of mold shown). The mold cavity s 132 inchas thick or high and 1/2
inches wide, The polymer composition is injected into the mold using a 32 mm
exiruder at an injection spead of 4 inches per sscond and & shot size of 1.8 inches.
g
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Spiral flow length generally indicates the flow characteristics of the polymer
composition whan being melt processed. Higher spiral flow lengths indicate the
ability of the material to uniformly and svenly flow into & mold, which also indicates
the ability of the material 1 Hll any interstices of the miold that may exist, For
example, a higher spiral flow length is particularly praferred whearn molding small
parts thal may have complex three-dimensional configurations, such as reflectors
and housings for LED assembiies.
{00401  The polymer composition of the present disclosure also has a relatively
high initial reflectance. For instance, once malded into an article, the polymer
matarial of the present disclosure can have an initial reflectance at 480 nm of
greater than about B0%, such as greater than about 93%, such as greater than
about 85%. Reflectance is measwred according to ABTM Test Method 1331 using
a speciracolormeter. During testing, & CIE D68 daylight illuminarnt is used at an
angle of 10°
{00441 In addition to inttial reflectance, polymer articles made according 1o the
prasent disclosure can also have a relatively high initial whiteness index.
Whiteness index ¢an be measwred according to W E313. Articles made according
fo the present disclosire can have an initial whiteness index of greater than about
80, such as greater than about 81, such as greater than about 84, such as greater
than about 8¢,
[0042]  In addition to the above properties, the polymer composition of the
present disclosure also has good reflow resistance properties at relatively high
temperatures, such as at tempearatures around 280°C. The polymer material has
good silicone adhesion properties, which may be important in applications where
an adhesive is used to either attach components in the LED assembly to the
reflactor or to attach the reflector to a substrate. Asticles made according to the
presant digclosure also have good mechanical properties, such as good impact
resistance. The materal of the present disclosure also displays low moisture
absorption.
{0043] Referring to Figs. 1 and 2, one embodiment of an LED assembly 10 that
may be made in accordance with the present disclosure is shown, In the
embodiment Hlustrated in Figs. 1 and 2, the LED assembly 10 is considerad a side
view LED. As shown, the LED assembly 10 includes a light-emitting dicde 12 that
10
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is configured o armnit light when a current is fed through the device., The light-
amitting diode 12, for instance, may be comprised of a semiconductor chip
ncluding multiple layers of materials. The LED 12 generally includes an n-typs
material layer and a plype material layer, which form a p-n junction that can be
connected 10 8 voltage sowrce, I ong embadiment, for instance, the piype laver
may comprise dopsd gallium aluminum arsenide, while the n-type layer may
comprise doped gallium arsenide.
{0044  The LED 12 s connectad to a first bonding wire 14 and to 3 second
bonding wire 16, The bonding wires 14 and 18 are connected to a lead frame 18.
The lead frame 18 includes a first lead frame portion 20 and a second lead frame
portion 22, The lead frame 18 may include or be connected o an anode 24 and a
cathode 28 which may also be considered a first terminal 24 and a second terminal
26,
(00481  In accordance with the present discloswre, the LED assembily 10 further
includes a reflector 28 which can also serve as the housing for the LED assembly.
The reflector 28, in sccordancs with the present disclosure, is mads from a
polymer composition having excellent reflectance properties.
{00481  As shown in Figs. 1 and 2, the reflector 28 defines a cavity 30 in which
tha LED 12 is located. The walls of the cavity 30 generally swround the LED 12
and, in the embodiment Hlustrated, have a depth sufficient for the LED 12 to be
recassad within the cavity.
{00471 The cavity 30 of the reflector 28 surrounds the LED 12 and serves to
reflect light being emitted by the LED in an outward direction. The cavity 30 may
have any suitable shape. For instance, the cavity 30 may be cylindrical, conical,
parabolic, or any other suitable curved form. Alternatively, the walls of the cavity
30 may be parallel, substantially parallel, or tapered with respect {o the diode 12
in the embodiment fHlustrated in Fig. 1, for instance, the cavity 30 has a smogth
surface and is comprised of side walls 32 and 34 and end walls 38 and 38. The
side walls 32 and 34 taper in an outward direction from the LED 12, The end walls
36 and 38, on the other hangd, can be substantialiy paraliel or may also taper
outwardly from the LED source,
{00481  f desired, the cavity 30 of the reflector 28 may be filled with a claar
material, such as a transparent material or a franslucent material. For instance,
11
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the cavity 30 may be filied with an spoxy or a silicong material. In one
embodiment, the materdal used o fill the cavity 30 may act as & lens for the light
being amitted by the LED 12.
(00481 Referring to Fig. 3, another embodiment of an LED assembily 50 that
may be made in accordancs with the present disclosure is shown. i thea
embodiment Hlustrated in Fig. 3, a top view LED assembly is shown, The top view
LED assembly 50 is similar in constriction to the side view LED asgsembly 10
flustrated In Figs. 1 and 2.
(D050 For instanos, the top view LED assembly 50 includes an LED 52 that is
positioned towards the bottom of a cavity B4 of a reflector 58, The LED 52 is also
connectad to & lead frame 58, In the embodimeant Hlustrated in Fig. 3, the cavity 54
of the reflector 56 is filled with a clear material 80,
(D081} LED assemblies as shown in Figs. 1-3 generally have relatively smatl
dimensiors. For sxampls, the LED assemblies typlcally have a greatest
dimension {(such as height, width, depth or diameter) that is generally less than
about 10 mm, such as typically less than about 8 mm. The LED assemblies
typically include at least one dimension, such as depth, that is less than 5 mm,
such as less than & mm, such as even less than 1 mm. As will be described
below, the polymer composition of the present disclosurs is capable of forming
reflactors for LED assemblies using mell flow processing techniques, For
instance, in ong embodiment, the polymer composition of the present disclosure is
blow molded in forming the reflectors. Of particular advantage, the composition of
the pregent disclosure is formulated so as to have melt flow properties capable of
farming hundreds of reflectors simultanesusly,
[082]  As desuribed above, the polymer composition of the present disclosure
containg one or more polymer resins. The polymer resin may comprise, for
instance, a polyester polymer, a liquid crystal aromatic polyester polymer, a
polycarbanate polymer, or mixtures thereof, Particular polymer resing that may be
used include polyethylene ferephthalale, polypropylens terephthalate, polybutviene
terephthalate, polyvethylene naphthsaiate, polybutylens naphthalate, aliphatic
polyesters auch as polyester glutarate, and the like. Other thermoplastic polvmers
that may be usad include polyamide polymers, particularly high temperature
polyamide polymers, Such polymers may include nylon 86, nylon 3, mydon 4, nylon
12
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9, nylon 48, and the ke, Othey thermaoplastic polymers include polytrimethylens
tergphthalate, ethylene-carbon monoxide polymer, styrene aorylonitrils polymer,
styrene maleic anhydride polymer, and fluorinated polymers such as
polytetraftuoroethylene and fluorinated sthylene polymaers.

{0083]  In one parisular embodiment, the polymer resin comprisas a paly(1.4-
cyclohexanadimethano! tersphthalate) polymer, which is typically referred to as &
POT polymer. Poly(1 4-cyclohexanedimethano! terephihialate) is a polyester that
confains repeat units from a dicarboxylic acid component and a ghreo! component.
At least about 80 mol percent, more preferably at least about 80 mol percent, and
especially preferably all of the diol repeat units are derived from 1,4~

cyclohexanadimeathanol and are of formuda (1),

{

{00841  Atleast about 80 mol percent, more prefaerably at least about 90 mal
percent, and especially preferably all of the dicarboxylic acid repeat units are

derived from terephthalic acid and are of formula (5.
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{088 In one embaodiment, the PCT polymer contains 100 mol percent of
terephthalic acid or dissters. The glycol componerd, on the other hand, can
contain a total of 100 mol percent 1 4-cyclohexanaedimethanol.

{00861  In various embodiments, however, the dicarboxylic acid component may
contain up to 10 mol percent of ather aromatic, aliphatic, or alicyalic dicarboxylic
acids such as isophthalic acid, naphthalenadicarboxylic acid,
cyclohexanedicarboxylic acid, succinic acid, subacic acid, adipic acid, glutaric acid,
azelaic acid, and the ke,

13
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[BO8T]  The glyeol component may also contain up o abouwd 10 mol percent of
other aliphatic or alicyolic glycols, such as diethylens glycol, triethylens ghool,
ethylens glyeol, propansdiol, budansdiol, penfanediol, hexanediol, and the like.
{0088]  The PCT polymer can have an inherent viscosity (1.V.) of front about 0.3
fo about 1.5 and a melling point of at least 260°C.
[0088] In one embodiment, the PCT polymer can comprise a blend of two or
mware different grades of PCT polymers. For instance, in one embodiment, a
blend, such as a 1:1 blend, of high LV, PCT polymer with a low LV, PCT polymer
may be used. In an alternative emboadiment, a blend, such as & 2:1 blend, may be
used that includes a8 PCT polymer whersin the dicarboxylic acid component is 100
mol percent tergphthalic acid and a PCT polymer in which the dicarboxylic acid
componant is 80 mol percent terephthalic acid and 10 mol percent isophthalic acid.
{00601 In general, the polymer resin is prasent in the composition in an armount
of at least about 20% by weight, such as in an amount of at least 30% by weight,
such as in an amount of at least 40% by weight, such as i an amount of atf least
about 50% by weight, such as in an amount of at least about 80% by weight. The
palymer rasin is generally present in an amount less than about 80% by weight,
stich as in an amount less than about 70% by weight. I ong embodiment, a PCT
polymaer is present in an amount from about 20% by weight to about 80% by
weight.
[DOB1]  The polymer composition of the present disclosure can alsc optionatly
contain one ar more rainforcing agents, such as fillers and fibers. Such materials
can include, for instance, glass fibers, wollastonite, potassium fitanate, calcium
carbonate, tale, mica, silica, kaoling, and the ke, Such inorganic fillers may be
present in the composition in an amount from about 1% o about 40% by weight,
such as in an amount from about 10% to about 30% by weight.
[0082]  The compaosition may further contain one or maore reactive components
that may funclion as viscosity stabilizers. A reactive component comprises a
material capable of not anly reacting with end groups an the polymer resin, such
as on a PCT polymer, but also may optionally be capable of stahilizing the
vinoosity of the polymaer resin in a manner that prevents the viscosity from
fluctuating during melt processing. The reactive components can also serve 1o
compatibilize the composition.

14



WO 2012/141966 PCT/US2012/032267

0831 In one embodiment, the reactive componant comprises a material that
can react with carboxyl or hydroxyl end groups on the PCT pobymer. In this
manner, the regctive componeant may act as a chain exender.

{00641  Resctive components that may be used in accordance with the present
dizclosure generally include phenoxy resins andior non-aromatic epoxy resing. In
ong embodiment, for instance, the reactive viscosity stabilizer comprises a
modified phenoxy resin that is capable of reacting with the PCT polymer. The
phenoxy resin, for instance, may include hydroxy! functionality. The phenoxy
resin, for instance, may have a glass transition temperature of less than about
120°C, such as less than abowt 110°C, such as less than abowt 100°C. The
phanay resin may have a viscosity when tested in cyclohsxanone at 258% NV of
less than abowl 2500 ¢P, such as less than about 2300 of,

[DOBS]  Non-aromatic epoxy resins that may be used as the reactive componant
include 3 4-epoxycycinhexenyimethyl-3' 4 -epoxyeyclohexene carboxylate, 1,4~
cyclohexane dimethanoldigrycicdy sther, hydrogenated bis-phenolA typs epoxy
resin and/or tris(2, 3-epoxypropyl) isocyanurate. In general, any suitable alicyclic
epoxy resin may be used.

{0088}  In addilion to the above reactive components or instead of the above
reactive components, the composition may contain an spoy-functional copolymer
as the reactive component, Exemplary copolyrmers having multiple epoxy pendant
groups include the reaction products of ong or more ethylenically unsaturated
manamers {e.4g. styrene, ethylens, and the like) with an epoxy-containing
ethylenically unsaturated monomer {e.g. glycidyl C1-4 {alkyl) acrylate, ally glycidyl
ethacryalle, and glycidyl toconate). For example, in one esmbodiment the epoxy-
functional copolymer s a styrene-aciylic copolymer (including an oligomar)
containing glveidyl groups incorporated as side chains.

{00871 As described above, the reactive compound incorparated into the
composition may comprise any material that can react with carboxyl or hydroxyl
end groups on the thermoplastic polymer without causing vellowing, especially
after thermal aging. In one embodiment, the reactive compound may comprise an
anhydride. Examples may include pyromellitic dianhydride, timaliiic anhydride, 3-

{tristhoxysilyl) propylsuceinic anhydride, and the like. Other reactive additives can



WO 2012/141966 PCT/US2012/032267

nelude various oxarofines andlor silanss. Such reactive additives can include
phenylensbisoxazoline and 3-aminopropyltristhoxysitana.

{BOB8Y  In general, the reactive componenis are prasent in the compaosition in an
amount from about 0.2% to about 8% by weight, such as from about 0.5% to aboud
S% by weight,

an881  Of particular advantage, reactive components are used that do not
gignificantly increase yellowing of the compasition over time. In this regard, the
polymer composition can be formulated so as o be substantially or completely free
of various aromatic epoxy resing. In one embodiment, for instance, the
composition is free of any epoxy novelac resing, such as an epoxy cresol novolac
resi.

[0G70]  The polymer composition of the present disclosure can further contain
one o more impact modifiers. The impact modifiers can be reactive with the
polymer rasin or non-reactive. In one embodimeant, for instance, the compasition
contains at least one reactive impact modifier and af least one non-reactive impact
maodifier.

[BO74]  Reactive impact modifiers thal may be used include ethylene-maleic
anhydride copolymers, sthylene-alkyl (math)acrylate-maleic anhydride copolymers,
ethylene-alkyl (meth)acrylate-glycidyl (meth)acrylate copolymers, and the like. In
one embodiment, for instance, a reactive impact modifier is used that comprises a
random terpolymer of ethylene, methylacrylate, and glyeidyl methaorylate. The
terpolymer can have a glyeidyl methacrylate cortent of from about 5% 1o about
20%, such as from abouf 8% 1o about 10%. The terpolymer may have a
methvlacrylate content of from about 20% to about 30%, such as about 24%,
{0721 Of particular advantage, the present inventors have discovered that the
combination of a reactive impact modifier with another reactive componant may, in
some embodiments, further improve the whiteness index of articles made
accarding to the present discloswre after heat aging.

0731 Ingeneral, a reactive impact modifisr may be present in the composition
in an amount from about 0.05% to about 10% by weight, such as in an amourd
from about 0,19 to abowt 5% by weight.

D074  Non-reaclive impact modifiers that may be blended into the polymer
composition of the present disclosure generally include various rubber matarials,

18
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such as acrylic rubbses, ASA rubbers, disne rubbers, organosioxans rubbeys,
EPDM rubbers, BBS or SEEB rubbers, ABS rubbers, NBS rubbers, and the liks.

in one smbodiment, an sthylens acryvlic rubber is present such &s an sthyleng
acrylic ester copolymer. Particular examples of nonreactive impact modifiers
inchude athylene butylacrylate, ethylens (methylacrylats, or 2 ethyl hesyl acryiate
copolymers. in ong particular embodimant, an sthylene (methyhacrylate
copolymer is present in the composition that cortaing (methylacrylate in an
amount of from about 20% {o about 30% by waight, such as in an amount of about
24% by weight.

[00781  In one particular embodimsnt, the composition of the present disclosure
mchides a combination of an ethylens (methyllacrylats copolymer combined with a
terpolymer of ethylens, mathylacrylate and ghycidyl methacrylate.

[0078]  When present in the composition, non-reactive impact modifiers can be
included in ampunts of from abhout 0.05% to about 158% by weight, such as in an
amount from about 0.1% to about 8% by weight.

[0O77]  Another additive that may be present in the polymer composition is 8
polytetrafluorosthylene polymer. inclusion of a polytetrafiuorosthylens polymer
may enhance the reflectance and the whiteness index of artticles made from the
polymer composition. The polytetrafluoraethylene polymer may be addead to the
composition in the form of a fine powder having an average particle size of less
than abowt 80 micrans, such as less than about 10 microng. In one embodiment,
for ingtance, the polyletraflucroethylene powder may have an average particle size
of from about 1 micron to about 8 microns. The polytetrafluoroethylene polymer
may be present in the composition in an amount from about 0.05% o about 10%
by weight, such as from about 0.1% to about 6% by weight.

00781 In one embodiment, the polymer compaosition can also include a
ubricart. The lubricant may comprise, for instance, a polyethylene wax, an amide
wax, & montanic ester wax, a polyol ester, or the like. A lubricant, in certain
ambadimeants, for instance, may comprise a polysthylene glycol-dilaurate andfor a
neopentyl glyeol dibenzoate. In one particudar embodiment, the lubricant may
comprise an oxidizaed polyethylene wax. The polyethylens wax may have &

density of from about 0.94 glom” to about 0.96 g/em®. When present, the jubricant
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may be included in the composition in an amount from about 0.058% 1o about 8%
by weight, such as from about §.1% to about 4% by weight,

[0O79]  In addition 1o the above, the polymer compaosition may contain various
other additives and ingredients. For instance, the compasition may contain various
thermal and oxidative stabilizers, ultraviolet light stabilizers, brighteners, and the
fike. Examples of various other ingredients include sterically hindered phenolic
antioxidants, phosphite antioxidants and the like.

(0080 In one embodiment, the polymer composition may contain a sterically
hindersd amine light stabilizer. When presant in the composition, hindered amine
light stabilizers hgve been found o provide various advantages and benefits. For
instance, sterically hinderad amine light stabilizers have been found to further
improve the reflectance properties of the material, espacially after long term aging.
Light stabilizers may be present in the compaosition in an amournt from about 0.05%
to about 3% by weight, such as in an amount from about 0.05% to about 1% by
weight. In one particular embodiment, a hinderad amine light stabilizer may be
used in conjunction with a hindered phenolic antioxidant and a phosphite stabilizer.
{0081}  In order to produce adicles in accordance with the present disclosure,
the polymsr composition, in one embodiment, can comprise a melt-mixed blend,
wherain all of the polymeric components are well-dispersad within each other and
all of the non-polymeric ingrediants are well-dispersed in and bound by the
polymer maliix, such that the blend forms a unified whole.

D082  Any melt-mixing method may be used to combine the polymeric
compangnts and non-polymeric ingrediants. For example, in ong embodimeant, the
polymeris components and the non-polymeric components may be added to a melt
mixer, such as for example a single or twin-screw extruder, a blender, a kneader,
or a Banbury mixer, either all at once through a single step addition, orina
stepwise faghion and then melt-mixad.

{00831  The blended composition can then be moldad into any dasired shape
through any suitable molding process. For instance, in one embodiment, articles
are formed through injection molding. During injection molding, the temperature of
the composition may be fram about E80°C o about 350°C. The temperature of the

molds, on the other hand, may be in a range of from about 80°C to about 150°C.
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00841 As described above, the polymer composition of the present disclosure
fs particularly well suited for producing reflectors for LED assembliss. The
reflectance praperdies of the polymer are particularly well suited for use with white
LEDs. The LED reflector may be in the form of a single piece or may he formed
fram two or more subparts. In one embodiment, the polymer compaosition is
irection molded over the lead frarme as showr in Figs. 1 and 2. in this manner,
the lead frame and the reflgctor become inlsgrated together. The samiconductor
ight-ermitting diode chip can then be mounted within the cavily of the reflector and
connected {o the lead frame. The LED can be bonded to the lead frame using the
bonding wires. The entire assembly can be encased or the cavity defined by the
reflector can be filled with a core material such as a solid epoxy that can form a
tens for focusing the light in a single direction.

(008581  LED assemblies made in accordance with the present disclosure can be
usaed N numerous and different applications. For instance, the LED assemblies
can be usad in traffic signal lights, LCD displays, backlights, celiular telephones,
automotive display lights, automotive headlamps, flashiights, interior lighting,
streetlights, and in exterior lighting applications.

[0088]  In addition to being used in LED assemblies, the polymer composition of
the preseart disclosure can also be used to make various other articles. For
nstance, the polymer composition can be used to produce any article where good
light reflectance properties are desired. For instance, molded arficles made
according to the present disclosure can be used in signs and labeis in order to
improve the visual appearance of the tem. In one embodiment, for instance, a
molded article made in accordance with the present disclosure may be used in a
lighted sign, such as an axit sign.

{00871 Other applications of the polymer composition include use as a roofing
matarial or used as a componant in a solar cefl. The polymer composition may
also be used to produce {rim pigces and bezels for consurner products, such as
consumer apphances. in other embodiments, the polymer composition may be
used to mold intsrior trim pisces for vehicles, such as automobiles.

[DO8RT  The presant disclosure may be betier understood with reference o the
following examples.
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EXAMPLE NG 1

{Be8R]  The following examples are presented below by way of Hlustration and

nat by way of limitation.

{00R0]  Table 1 below lists various compositions that were prepared by melt
compourniding the components shown in the table using a 32 mm twin-exdruder
apgrating at 300°C, using a screw speed of about 350 rpm and a mel wmperature
of from about 320°C to about 330°C. Upan exiting the extruder, the compositions
weare cooled and pelietized.

(001} The compositions were molded into 153G tensile bars according (o 180
Mathod 527-1/2 using a mold ternperaturs of about 120°C. Tensils properties of
the samples were detsrmined using the test method above. Charpy impact
strengths and Notched Charpy impact strengths were determined following 180
Test 179,

[a082]  Mell viscosity was measured using a capillary rheometer at 8
tempearature of 305°C and at a shear rate of 1000/zec.

{00831  As shown below, each of the formulated compositions included different
fifanium dioxide particles. Example 1 below contained Type H chalk resistance
particles in accordance with the present disclosure. The particles included an
atumina surface treatment and had a pH of greater than 7 1o 8.3

[0084]  The titanium dioxide particles contained in Example 2 had 3 surface
freatment of alumina and a phosphate. The titanium dioxide particles in Example 2
have medium chalk resistance and are the same particles disclosed in U.S. Patent
Application Publication No. 2007/0213488 in Example Nos. 1, 2, 4, § and
Comparative Example No. 1.

[0088]  The titanium dioxide particles contained in Example 3 had a hydrophabic
surface treatment of alumina/sitica. The patticles are believed {o have Type V

chalk resistance.

Componanis Example 1 Example 2 Example 3
PCT polymer 484 48.4 48,4
Chopped Glass Fibers 20 a0 20
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TiQ2Z {Type 1l chalk reéiéé%mca} 20
Q3 (R_Ci;»f% suppiied by Millsnium 50
ingrganic Chemicals)
TOZ {Type V chalk resistance) 20
N.Nethylene bisstearamids 0.8 3.5 0.5
Oxidized polyethvlens wax 0.5 C%;rﬁr ” 0.5
S;;;ié;i;gbutyiphanyi}pentraesrythn’:o! 0% 0.3 D3
gsgigzizﬁc:ﬁjza 1 ,2--@%%“;&3@&7%?3@2--4; 1- 0.1 0.1 0.1
hy nethyl acrylate, glycidy
Phenoxy resin 3 3 3
E&%Qtene-v‘methg,ftacryiiata copolymer 2.5 2.5 2.5
Talo ég;miaant 2 2 2
Polvbutvlens terephthalate 4 4 4
Total 1040 100 103G
Properties
Melt Viscosity @ 400 {1/s Pass) 3738 3813 515.8
Medl Viscosity @ @CG{}H;’?, Fa.s) 2418 252.8 317
‘i‘ens‘ii% $t‘magth {Npa) 88.87 7023 7418
Elongation at Breal (%) 1.80 1.61 1.62
Motched Charpy Impact (KJim®) 373 3.78 3.8
Unnotched Charpy mpact (KJim®) 34.19 33.84 30.91
Whiteness index befors aging 101587 1062.51 10110
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[0088]  As shown above, the composition containing the Type 1 titanium dioxide
particle exhibited a lower melt viscosity.

EXAMPLE NO. 2
{30871 Table 2 below lists varipus compuositions that were preparad by melt

comnpounding the cormponents similar {0 the desaription given in Example No. 1.
All of the ollowing compositions contained a titanium dioxide having Typs il chalk
resistance characteristics.

[0D88]  Inilial reflectance at 480 nm was determined for each compuosition using
ASTM Test Method E1331 using a CIE D85 daylight luminant at 107 by &
speotracolormeter DataColor 800, Measuremends wera done on the tensile bars.
A higher reflectance number indicates less absorption or loss of light.

[0088]  The initlal whiteness index and the whiteness index after aging were
detarmined using the same reflectance scan based on Wi E313. Higher whiteness
index nimbers indicate better whiteness,

{01001  The following resulls were ohiainsd:

3
]
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{0101]  As showrn above, composifions made with g tanitm dioxids having
Type H chalk resistance characleristics displayed excelient initial reflactance.
{0102]  These and other modifications and variations {o the presernt invention
may be practiced by those of ordinary skill in the art, without departing from the
apirit and scope of the present vention, which i3 more pardicularly set forth in the
appended claims. In gddition, it should be understood that aspecis of the varicus
embaodimeants may be inferchanged both in whole or in part. Furthermore, those of
ordinary skill in the art will appreciale that the foregoing description is by way of
example only, and s nat intended {o limil the invention s¢ further described in such
appendead claims.
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What Is Claimed:

1. A composition for producing moided parls comprising:
from about 20% to about 80% by weight of & polymer resin g while
pigment comprising Type | chalk resistance particles according to ASTM D478
classifications; and
wherein the composition has gn initial reflectance at 480 rmn of
greater than about 90% and has an initial whiteness index of greater than about
80.

2. A composition as defined i claim 1, whersin the polymer resin
cormprises polyl 1 d-cyclohexansdimethanol terephthalate).

3 A composifion as defined in claim 2, wherein the Typse 1 chalk
resistance particles comprise titanium dioxide particles.

4. A composition as defined in claim 3. wherein the fitanium dioxide
particles include a surface treatment.

8. A camposition as defined In claim 2, wherain the composition further
comprises a polybutylene terephthalate, a liguid crystal polymer, @
polvtetrafiuoroethylene polymer or mikiures thereof.

8 A compaosition as definad in claim 1, wherein the composition further
containg an ethyiena-methylacrylate copolymaer.

7. A composition as defined in claim 1, wherein the compoesition has a
metlt viscosity at a shear rate of 1000/sec and at 305°C of from about 50 Pas to
about 200 Pa.s.

8. A composition as defined in claim 1, wherain the compaosition further
containg an epoxy-functional resin.

. A molded article made from the composition defined in claim 1.

100 A molded article as defined in claim 8, wherein the molded article
COTyNises a compuonent i a sign.

11 Armnoided adicle as defined in claim 8, wherein the mpided arlicle
comprises a reflector.

12, Amolded arlicle as defined in claim 8, wherein the molded ardicle
somprises a trim piece for a consumer appliance.

13, A moelded article as defined iy claim 8, wherain the molded article
comprises a trim plece for an intarior of an automobile.

26
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14, A molded reflector, the reflector being molded from s polymeric
matenal, the polymeric material being comprised of 3 polymer resin, and a white
pigment, the polymeds material having an initial reflectance at 480 nm of greater
than about 80%, and having an initial whiteness index of greater than about 8¢,
and wherein the white pigment comprises Type Il chalk resistance parlicles
according o ASTRM D476 classifications.

5. A molded reflecior as defined in claim 14, wherein the polymer resin
comprises a poly{l d-cyclohexanedimethanol {erephthalate).

18, Amolded reflector as defined in claim 14, wharein the Type I chalk
resistance particles comprise titanium dioxide particles that include a surface
freaiment.

17, A molded reflector as defined in claim 16, wherein the fitanium
dioxide particles comprise a rutile titanium dioxide.

18, Armolded reflector as defined iy claim 14, wherein the polymeric
material has a melt viscosity at a shear rate of 1000/sec and at 305°C of from
about 30 Pa.g (o abouwt 200 Pas,

18, A molded reflector as defined in claim 14, whereit the polymeric
material further contains an inorganic filler,

200 A molded reflector as defined in claim 15, wherein the polymeric
material contains from about 20% 1o about 80% of the poly{1.4-
cyclohexanedimethanol terephthalate), from about 1 to about 40% by weight of an
inorganic filler, and frorm about 18% to about 50% by weight of the white pigment.

21, A molded reflector as defined in claim 14, wherein the Type Il chalk
resistance particles have a neudral fint,

22. A molded refiector as defined in claim 14, whersin the Type H chalk
resistance particles have & blue tint.

23, A molded reflactor as defined in claim 14, wherein the Type H chalk
rasistance particles exhibit a pH of greater than about 7,

24, A mpolded reflector as defined in claim 14, whersin the Type il chalk
resistance particles exhibit a pH of greater than about 7.5,

25 Amolded reflecior as defined in claim 18, wherein the swface

treatmaent on the titardum dioxide particles comprises a polysiloxans.
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26, Amolded reflector as defined In claim 15, whersin the polymeric
material further comprises al least one more thermoplastic polymer, the
thermoplastic polymer campising & polybutvlens terephthalate, g liquid crystal
polymer, or mixtures thereof, the at least one thermoplastic polymer being pressnt
i the polymenc matenal in an amount from abotd 1% to about 15% by weight.

27 A molded reflector as defined in olgim 15, whersin the polymeric
material further containg a polvtetraflucroethyiens polymer, the
polytetrafiuoroathylene polymaer being present inn the polymeric material in an
amount from about 1% to about 10% by weight.

28, A molded reflector as defined in daim 14, wherein the polymeric
material further containg an ethylene-methylacrylate copolymer.

28, Agmolded reflector as defined in claim 14, wherein the polymeric
material exhibits g epiral flow of greater than 8 inches.

30, A mplded refleclor as defined in claim 14, wherein the polymeric
material further containg a glyeidyl methacrylate terpolymer,

31 A molded reflector as defined in claim 14, wherain the polymeric
material includes at least one impact modifier,

32, Armolded reflector as defined in claim 15, wherein the polymeric
matarial further comprises at least one more tharmoplastic polymer, the
thermoplastic polymer comprising a polybutylens terephthalate, a liquid orystal
polymer, or mixtures thereof, the at least ane thermoplastic polymaer being present
in the polymeric material in an amount from about 1% fo about 15% by weight, and
whareain the polymeric material further confains a polvietrafiuorosthylene polymer,
the polytetrafiucroethyene polymer being present in the polymeric material in an
amount from abowt 1% to about 10% by weight.

32 A mdcided reflector as defined in claim 14, wherein the polymaeric
material exhibits a notched impact strength of from about 3 to about 5 KJim®,
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