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METHOD FOR MAKING 
THERMALLY-CONDUCTIVE PLASTIC ARTICLES 

HAVING LIGHT REFLECTING SURFACES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/459,254 having a filing date of Jun. 
11, 2003, the entire contents of which are hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention generally relates to plastic 
articles having light reflecting Surfaces. Particularly, the 
articles are made from a thermally-conductive polymer 
composition that can dissipate heat from a heat-generating 
light Source within the articles. The reflector articles can be 
used as housings for automotive tail lamps and head lamps, 
flashlights, Searchlights, and other lighting fixtures. 
0003. In the past, reflector articles or housings for light 
ing devices were made by Stamping sheets of metal, for 
example, Steel or aluminum, into a desired shape. Then, the 
surface of the metal could be buff-polished to form a 
reflective Surface. This metal-stamping process produced 
reflector housings having good mechanical Strength, but 
only a limited number of simple shapes could be made using 
this cumberSome process. Also, the polishing proceSS could 
be time-consuming and expensive. 
0004 Today, reflector housings are often made from 
thermosetting or thermoplastic compositions that can be 
molded into a variety of complex shapes. Typically, these 
compositions contain a resin and a reinforcing material that 
improves the Strength and dimensional Stability of the 
molded reflector housing. 
0005 For example, Withoos et al., U.S. Pat. No. 4,188, 
358 discloses a method for making a metallized plastic 
reflector. A film or fabric of fibrous material (for example, 
glass or carbon fibers) is provided over a convex Surface of 
a mold and Saturated with a thermo-hardening Synthetic 
resin. After partial hardening of the resin, a layer of liquid 
metal particles is sprayed onto the resin. A Supporting layer 
including a Synthetic resin reinforced with fibrous material 
(for example, polyester or nylon) is provided over the metal 
layer. After hardening of the assembly, the mold is removed. 
0006 Ohno et al., U.S. Pat. No. 4,364.637 discloses a 
method of making a highly reflective plastic reflector having 
a crystalline inorganic film coating. The method involves 
making a reflector having a molded body comprising a 
thermoplastic or thermosetting resin. The patent discloses 
that the resins may be filled with reinforcing fillers such as 
glass fibers, mica, and asbestos. A light-reflective meal Such 
as Silver or aluminum is coated on one or all sides of the 
molded body. A light-transmissive film of an inorganic 
Substance Such as a metallic oxide or oxide of amphoteric 
elements is coated over the metallized coating. 
0007 Daniels et al., U.S. Pat. Nos. 4,507,254 and 4,570, 
203 disclose a method of making a light reflector for a 
photographic flash unit. The method involves molding a 
plastic housing using an injection-molding process. Accord 
ing to the patents, the reflector is shaped into its trough-like 
configuration by injecting liquid plastic into a mold. The 
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plastic is allowed to Solidify to form the plastic housing 
which maintains the contour of the reflector. The patents 
disclose that polycarbonate can be used as the plastic in this 
manufacturing operation. 

0008 Ikeda et al., U.S. Pat. No. 5,945,775 discloses a 
lamp reflecting mirror Suitable for use as a automotive head 
lamp, fog lamp, or the like. The patent discloses that the 
lamp reflecting mirror is produced by injection-molding a 
composition containing 30 to 50% by weight of polyphe 
nylene sulfide resin, 5 to 30% by weight of calcium silicate 
whiskers, and 20 to 65% by weight of granular inorganic 
filler. 

0009. As discussed above, conventional reflectors typi 
cally are coated with a light-reflective metal, Such as alu 
minum, Silver, chromium, and the like, using a vacuum 
coating process. It is important for the reflector article to 
have a Smooth Surface So that the metallized, reflective 
coating can be uniformly deposited on the Surface of the 
article. Many conventional reflector articles have rough and 
irregular Surfaces, and it can be difficult to uniformly deposit 
the metallized coating onto Such Surfaces. There is a need for 
a reflector article having a Smooth Surface which will accept 
a metallized, light-reflecting coating easily. The reflective 
coating should be capable of being applied completely and 
uniformly to the surface of the reflector article. The present 
invention provides Such a reflector article. 
0010. In addition, the light sources contained within 
reflector housings, for example, automotive tail lamps, can 
generate a tremendous amount of heat. Many reflector 
housings are made from molded plastics that are poor 
conductors of heat. As a result, heat remains trapped within 
this reflective area, and temperatures can quickly rise caus 
ing damage to the lighting device. There is a need for a 
thermally-conductive reflector that can effectively remove 
heat from heat-generating lamp assemblies. The present 
invention provides Such a thermally-conductive reflector 
housing. The present invention also includes the thermally 
conductive compositions and methods used to make Such 
reflector housings. These and other objects, features, and 
advantages of the invention are evident from the following 
description and attached figures. 

SUMMARY OF THE INVENTION 

0011. The present invention relates to thermally-conduc 
tive polymer compositions that can be used to make plastic 
reflector articles having light reflecting Surfaces. The com 
positions comprise: a) about 20% to about 80% by weight of 
a base polymer matrix; and b) about 20% to about 80% by 
weight of a thermally-conductive carbon material. The ther 
mally-conductive carbon material can be used in any Suit 
able form. For example, graphite, carbon black particles, and 
carbon fibers can be used. The polymer composition may 
further comprise about 5% to about 30% of a reinforcing 
material Such as glass to Strengthen the polymer matrix. 
Additives Such as antioxidants, plasticizers, Stabilizers, dis 
persing agents, coloring agents, and mold-releasing agents 
can be incorporated into the composition. In a preferred 
embodiment, the polymer composition comprises about 74 
weight % polycarbonate, about 24 weight % graphite, and 
about 1 weight % mold-releasing agent. 
0012. The polymer compositions can be used to make 
plastic reflector articles Such as housings for automotive tail 
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lamps and head lamps having light reflecting Surfaces. The 
reflector articles can be made using an injection molding 
process. The proceSS involves providing a molten polymer 
composition comprising: i) about 20% to about 80% by 
weight of a base polymer matrix; and ii) about 20% to about 
80% by weight of a thermally-conductive carbon material. 
The molten composition is injected into a mold to form a 
net-shape molded thermally-conductive reflector article. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The novel features that are characteristic of the 
present invention are Set forth in the appended claims. 
However, the preferred embodiments of the invention, 
together with further objects and attendant advantages, are 
best understood by reference to the following detailed 
description taken in connection with the accompanying 
drawings in which: 
0.014 FIG. 1 is a perspective view of a thermally 
conductive reflector article made in accordance with the 
present invention; 
0015 FIG. 2 is a side perspective view of the reflector 
article shown in FIG. 1 equipped with a cover; and 
0016 FIG. 3 is a cross-sectional view of a reflector 
article of the present invention shown through line A-A in 
FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.017. The present invention relates to thermally-conduc 
tive reflector articles and methods for making Such articles. 
The invention also includes the compositions used to make 
Such articles. 

0.018. A thermally-conductive polymer composition is 
used to make the reflector articles of this invention. This 
composition contains a base polymer matrix and thermally 
conductive material. Thermoplastic polymerS Such as poly 
carbonates, polyethylene, polypropylene, acrylics, Vinyls, 
fluorocarbons, polyamides, polyphenylene Sulfide, and liq 
uid crystal polymerS Such as thermoplastic aromatic poly 
esters, can be used to form the matrix. Alternatively, ther 
mosetting polymerS Such as elastomers, epoxies, polyesters, 
polyimides, and acrylonitriles can be used as the matrix. 
Suitable elastomers include, for example, Styrene-butadiene 
copolymer, ethylene-propylene terpolymers, polysiloxanes 
(Silicones), and polyurethanes. Polycarbonates are preferred 
due to their ability to be easily molded into the reflector 
articles. Further, polycarbonates are Substantially non-cor 
rosive and have good weather and OZone resistance. In 
addition, polycarbonates are dimensionally stable and have 
high impact Strength. Generally, the base polymer matrix 
comprises about 20 to about 80% by weight of the total 
composition and more particularly about 40 to about 80% by 
weight of the composition. 

0019. In the present invention, a carbon material such as 
carbon black, graphite, carbon fiber, or the like is added to 
the base polymer matrix. Mixtures of Such carbon materials 
are also Suitable. The carbon material imparts thermal con 
ductivity to the non-conductive polymer matrix. In the 
present invention, graphite is particularly preferred due to its 
high thermal conductive properties and mechanical Strength. 
Generally, the thermally-conductive carbon materials com 

May 26, 2005 

prise about 20 to about 80% by weight of the total compo 
sition and more particularly about 20 to about 60% by 
weight of the composition. 
0020. The carbon material can be in the form of particles, 
granular powder, whiskers, fibers, or any other Suitable 
form. The particles or granules can have a variety of 
Structures and a broad particle size distribution. For 
example, the particles or granules can have flake, plate, rice, 
Strand, hexagonal, or spherical-like shapes with a particle 
size in the range of 0.5 to 300 microns. 
0021. In some instances, the carbon material can have a 
relatively high aspect (length to thickness) ratio of about 
10:1 or greater. For example, PITCH-based carbon fiber 
having an aspect ratio of about 50:1 can be used. Alterna 
tively, the carbon material can have a relatively low aspect 
ratio of about 5:1 or leSS. For example, carbon particles 
having an aspect ratio of about 4:1 can be used. Both low 
aspect and high aspect ratio materials can be added to the 
base polymer matrix as described in McCullough, U.S. Pat. 
No. 6,048,919, the disclosure of which is hereby incorpo 
rated by reference. Particularly, the compositions of this 
invention can contain about 25 to about 60% by weight of 
a thermally-conductive carbon material having a high aspect 
ratio of about 10:1 or greater, and about 10 to about 25% by 
weight of a thermally-conductive carbon material having a 
low aspect ratio of about 5:1 or less. 
0022. An optional reinforcing material can be added to 
the polymer matrix. The reinforcing material can be glass, 
inorganic minerals, or other Suitable material. The reinforc 
ing material Strengthens the polymer matrix and provides the 
molded article with greater mechanical Strength and integ 
rity. The reinforcing material, if added, constitutes about 5% 
to about 30% by weight of the composition. Also, if desired, 
the polymeric mixture may contain additives Such as, for 
example, flame retardants, antioxidants, plasticizers, dis 
persing aids, coloring agents, and mold-releasing agents. 
Examples of mold-releasing agents which can be used in 
accordance with this invention include metal Stearates Such 
as calcium or Zinc Stearate. 

0023. In one preferred embodiment of the present inven 
tion, the polymer composition comprises about 74 weight % 
polycarbonate, about 24 weight % graphite, and about 1 
weight % mold-releasing agent based on weight of the 
composition. 
0024. The thermally-conductive carbon material and 
optional additives (such as the mold-releasing agent and 
reinforcing glass) are intimately mixed and dispersed within 
the non-conductive polymer matrix to form the polymer 
composition. The mixture can be prepared using techniques 
known in the art. The ingredients should be mixed under low 
Shear conditions in order to avoid damaging the Structures of 
the thermally-conductive carbon materials. 
0025 Significantly, the polymer compositions used to 
make the reflector articles of this invention have a thermal 
conductivity of greater than 10 W/m K. These good heat 
conduction properties are critical for making an improved 
reflector article that can better dissipate heat from a heat 
generating light Source. 

0026. The reflector articles of the present invention are 
made using an injection-molding proceSS. Conventional 
injection-molding machines can be used. The injection 
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molding proceSS generally involves loading pellets of the 
polymer composition into a hopper. The hopper funnels the 
pellets into a heated extruder (barrel), wherein the pellets are 
heated to form a molten composition (liquid plastic). The 
extruder feeds the molten polymer composition into a cham 
ber containing an injection piston. The piston moves forward 
and forces a shot of the molten composition into a mold. 
Typically, the mold for the reflector article contains two 
molding Sections that are aligned together in Such a way that 
a molding chamber or cavity is located between the Sections. 
However, it is understood that the mold can have any 
Structure for producing the desired shape of the reflector. 
The molten material remains in the mold under high pres 
Sure until it cures and cools. Then, the molded reflector 
article is removed from the mold. 

0027. The molding process parameters can be adjusted 
depending on the desired molded reflector article that will be 
produced in accordance with this invention. For example, 
the heated barrel temperature can be adjusted to help control 
the viscosity of the molten material. If the barrel temperature 
is too cool, the material tends to have a high Viscosity and 
this can lead to processing difficulties. If the barrel tempera 
ture is too hot, the material can gel. The barrel residence time 
is also important to maintain a homogeneous mixture that 
can be injected into the mold. The injection pressure, injec 
tion speed (flow rate of the composition), hold pressure in 
the mold, mold temperature, and cure time can be adjusted 
accordingly. 

0028. The injection speed and flow rate of the molten 
polymer composition into the mold are important. If the 
injection Speed and flow rate are too slow, the Surface of the 
molded reflector article can be rough and pitted. This rough 
Surface can be caused by the thermally-conductive particles 
in the composition Separating from the polymer matrix and 
migrating to the Surface. Many conventional polymer com 
positions have relatively slow flow rates and can produce 
rugged, uneven Surfaces when the compositions are injec 
tion-molded. However, the polymer compositions of the 
present invention are characterized by having a relatively 
high flow rate. The thermally-conductive materials are com 
pletely and uniformly dispersed within the polymer compo 
Sition, thus making the composition more fluid. The polymer 
composition tends to flow Smoothly and rapidly into the 
mold Sections, thereby producing a molded reflector article 
having a Substantially Smooth and glossy-like Surface. 

0029. The reflector article of the present invention is 
characterized by having a Substantially Smooth and glossy 
surface. The Surface of the reflector article is substantially 
free of any pits, jagged points, or other Surface defects. The 
Smooth Surface of the reflector article means that the Surface 
can be coated with a metallized reflective coating. If desired, 
a base or primer coating can be applied first to the Smooth 
Surface of the reflector article. 

0030) Referring to FIG. 1, one embodiment of a reflector 
article 10 of the present invention is shown. In FIG. 1, the 
reflector article 10 is a housing for an automotive tail lamp. 
The reflector article 10 has a rectangular-like shape com 
prising a generally planar rear Surface (not shown) and a 
front Surface 12 containing a recessed area 14, wherein a 
lamp assembly (not shown) may be installed. The sidewall 
portions 16, 18, 20, and 22 form the frame of the reflector 
article. 
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0031. As shown in FIG. 2, a cover or lid 32 may be 
fastened over the recessed portion 14 of the reflector article 
10. The cover 32 protects the lamp assembly (not shown) 
that is contained within the recessed area 14. The cover 32 
can be transparent So that light transmitted by the light 
assembly within the article 10 is visible. In FIG. 2, the 
planar rear surface 34 of the reflector article 10 is also 
shown. 

0032 FIG. 3 is a cross-sectional view of the reflector 
article 10 through line A-A in FIG. 1. The front or upper 
surface 12 of the reflector article 10 containing the recessed 
area 14 is shown from a cross-sectional perspective in FIG. 
3. 

0033. The surface of the reflective article is coated with 
a light-reflecting metal. The application of the metallized 
coating typically is carried out using a vacuum-coating 
process known in the art. These vacuum-coating methods 
involve vacuum-depositing liquid metal onto the Surface of 
the reflector article. The liquid metal is evaporated onto the 
Surface of the article at a desired thickness. Suitable light 
reflective metals include, for example, aluminum, Silver, 
chromium, nickel, platinum, and alloys thereof. Also, col 
ored metals Such as copper and gold and metallic com 
pounds Such as brass and titanium nitride can be used. 
Aluminum and Silver are most commonly used. The thick 
neSS of the metallized, reflective coating can be adjusted 
depending on the intended end-use application of the reflec 
tor article. 

0034. A protective transparent film can be applied over 
the reflective, metallized coating using the vacuum-coating 
method. The transparent film can comprise inorganic oxides 
Such as Silicon dioxides, glass or ceramics. The protective 
film prevents the degradation of the metallized, reflective 
layer. Acrylic resins can also be used, and these resins can 
be sprayed onto the Surface rather than Vacuum-coated. 
0035. The molded thermally-conductive reflector articles 
of the present invention have many advantageous features 
over conventional reflector articles including the following. 
First, the reflector articles have a relatively smooth and 
glossy-like Surface which can be uniformly coated with a 
metallized light-reflecting layer. Because there are no Sub 
Stantial Surface defects, the reflective coating is able to 
accurately and completely reflect light that is directed onto 
the Surface of the article. 

0036). In addition, the reflector articles of the present 
invention have improved thermal conductivity properties. 
Preferably, the articles have a thermal conductivity of 
greater than 10 W/m K. Referring to FIG. 1, these heat 
transfer properties allow the body of the reflector 10 to 
remove heat from the enclosed recessed portion 14, wherein 
heat generated from a light assembly (not shown) can build 
up quickly. The molded reflector article 10 efficiently dis 
Sipates the heat and prevents overheating of this enclosed 
area 14. 

0037. Further, the reflector articles can be net-shape 
molded meaning that the final shape of the article is deter 
mined by the shape of the mold cavity. No additional 
processing, die-cutting, machining, or other tooling is 
required to produce the final shape of the reflector article. 
0038. It is appreciated by those skilled in the art that 
various changes and modifications can be made to the 
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description and illustrated embodiments without departing 
from the Spirit of the present invention. All Such modifica 
tions and changes are intended to be covered by the 
appended claims. 
What is claimed is: 

1. A method of making a net-shape molded, thermally 
conductive reflector article having a light-reflecting Surface, 
comprising the Steps of: 

a) providing a molten polymer composition comprising: i) 
about 20% to about 80% by weight of a base polymer 
matrix; and ii) about 20% to about 80% by weight of a 
thermally-conductive carbon material; 

b) injecting the molten composition into a mold to form 
a net-shape molded, thermally-conductive reflector 
article; and 

c) removing the reflector article from the mold. 
2. The method of claim 1, wherein the polymer matrix 

comprises a thermoplastic polymer. 
3. The method of claim 1, wherein the thermoplastic 

polymer is Selected from the group consisting of polycar 
bonates, polyethylene, polypropylene, acrylics, Vinyls, fluo 
rocarbons, polyamides, polyphenylene Sulfide, and liquid 
crystal polymers. 
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4. The method of claim 1, wherein the polymer matrix 
comprises a thermosetting polymer. 

5. The method of claim 1, wherein the thermosetting 
polymer is Selected from the group consisting of elastomers, 
epoxies, polyesters, polyimides, and acrylonitriles. 

6. The method of claim 1, wherein the thermally-conduc 
tive material is in the form of particles. 

7. The method of claim 1, wherein the thermally-conduc 
tive carbon material is Selected from the group consisting of 
graphite, carbon black, and carbon fibers. 

8. The method of claim 1, wherein the polymer compo 
sition further comprises about 5% to about 30% by weight 
of a reinforcing material. 

9. The method of claim 8, wherein the reinforcing mate 
rial is glass. 

10. The method of claim 1, wherein the polymer compo 
Sition further comprises an additive Selected from the group 
consisting of antioxidants, plasticizers, Stabilizers, disperS 
ing agents, coloring agents, and mold-releasing agents. 

11. The method of claim 1, wherein the polymer compo 
Sition comprises about 74% by weight of polycarbonate, 
about 24% by weight of carbon graphite, and about 1% by 
weight of mold-releasing agent. 
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