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(57) ABSTRACT 

A metallic coating composition and vacuum metaliZation 
process for applying the coating composition on aluminum 
and steel substrates, for example on vehicle Wheels, hub 

(21) APPL No. 10/137,847 caps, bumpers and the like. The process is environmentally 
compatible and produces a decorative, Wear-resistant 

(22) Filed: May 2, 2002 chrome ?nish and comprises four stages: a cleaning or 
preparation stage, a base coat application stage, a tWo-step 
PVD stage, and a topcoat application stage. An organic 
epoxy, thermosetting powder base coat is applied to smooth 
the surface to a glass-like ?nish and to ensure adhesion of 
the metal coatings. A tWo part metal coating is applied via 
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CHROME COATING COMPOSITION 

[0001] This application is a Division of Applicant’s co 
pending application U.S. Ser. No. 09/695,509, ?led Oct. 24, 
2000 and titled Vacuum MetaliZation Process For Chroming 
Substrates, Which application is pending, and Which is 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to a coating com 
position and a process for providing a chrome ?nish onto 
substrates. Particularly, the invention relates to a metallic 
coating composition and a process for vacuum metaliZing 
chromium onto metal substrates. Speci?cally, this invention 
relates to a tWo step vacuum metaliZation process for 
chroming aluminum and steel substrates for automotive 
parts, for example, for providing a chrome layer on auto 
motive parts such as vehicle Wheels, hub caps, bumpers, and 
the like. 

[0003] The metaliZation process of the present invention 
has speci?c and sequential steps to produce chromed alu 
minum and steel automotive parts having superior chrome 
adhesion characteristics to prevent delaminations and hav 
ing chemical and road haZard resistant qualities. Although 
the disclosure herein discusses the process of metaliZing 
chromium in the production of vehicle Wheels, other 
chroming processes as Well as the chroming of other metal 
substrates are Within the purvieW of this invention. 

[0004] In the past, aluminum and steel vehicle Wheels, for 
example, have traditionally been electroplated to produce 
chrome Wheels. These prior art processes require the Wheel 
rim to be polished to provide a very smooth surface for the 
chrome plating to be effective. Further, the Wheels are 
pretreated in haZardous chemicals to provide a clean and 
homogeneous surface for adherence of the chrome plating. 
The Wheels are then coated With up to three different metal 
coatings With each step requiring the Wheel to be submerged 
in haZardous solutions. The failure rate of these prior art 
processes is generally high. Additionally, should the chrome 
plated surface be damaged, corrosion or rust Will typically 
begin rapidly, causing the chrome plating to delaminate from 
the Wheel surface. 

[0005] Another alternative prior art process has been 
developed Which applies the chrome coating by vacuum 
metaliZation, thereby eliminating the application of the 
decorative coating using haZardous solutions. This prior art 
process entails applying one or tWo primer coat composi 
tions to provide a smooth surface and to provide a suitable 
adhesion for the Cr to be applied. The Wheel is then placed 
into a vacuum metaliZation chamber Where a decorative 
coating is applied. Subsequently, a coating is applied to 
protect the metaliZed layer from environmental elements. 
The process produces chrome-like ?nishes on Wheels, but 
not equal to the quality of the plating process and as such has 
not been accepted by the Wheel manufacturers in the United 
States. 

[0006] The present invention has overcome the dif?culties 
and the shortcomings of the prior art. An object of the 
present invention is to provide a true chrome ?nish on 
Wheels and the like that Will be resistant to harsh climatic 
conditions. A further objective is to eliminate haZardous 
materials used during the application process and to greatly 
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reduce the potential for delamination should the coating be 
damaged, impacted or scratched, as has been a problem With 
the prior art. This process is also applicable to any substrate 
Where a durable, decorative, chrome ?nish is desired on 
automotive parts, for example, on vehicle Wheels, bumpers, 
hub caps, and the like. Particularly, the object of the inven 
tion is to provide a vacuum metaliZation process for 
chroming metal substrates, such as aluminum and steel 
substrates. 

SUMMARY OF THE INVENTION 

[0007] The present invention relates to a metallic coating 
composition and a process for chroming aluminum and steel 
substrates. The process of the invention utiliZes a vacuum 
metaliZing process Which, preferably, comprises four stages: 
a cleaning or preparation stage utiliZing a number of steps, 
a base coat application stage, a tWo-step Physical Vapor 
Deposition (PVD) stage, and a top coat application stage. 
Each stage utiliZes speci?c process steps and uses particular 
formulations under speci?c process step parameters. 

[0008] An aluminum or steel substrate or object, for 
example a vehicle Wheel, to receive a decorative chrome 
coating is ?rst cleaned to eliminate contamination. The base 
coat applied in the base coat application stage is preferably 
an organic, thermosetting poWder or the like and provides a 
smooth surface for Nickel/ Chromium adhesion, hoWever, an 
inorganic compound may be utiliZed. Alternatively, the base 
coat may be comprised of an electroplated coating, or 
e-coating. The Wheel and base coat are heated to permit the 
coating to melt and How evenly across the surfaces of the 
Wheel. The temperature is then increased so that the organic 
poWder Will crosslink and solidify. The Wheel temperature is 
then reduced in preparation for the tWo-step PVD stage. 

[0009] To begin the tWo-step PVD stage, the Wheel is 
placed into a PVD chamber to receive the chrome coating 
layer. The PVD stage consists of tWo steps. Both steps take 
place in vacuum conditions and by a sputtering or similar 
process, for example. The ?rst step comprises sputtering an 
approximately 80% Nickel (Ni) and 20% Chromium (Cr) 
base metal layer onto the base coat on the Wheel. The second 
step comprises sputtering an approximately 99.9% pure 
Chromium layer onto the metal base layer. As knoWn in the 
art, various PVD and CVD processes are knoWn utiliZing 
metallic targets in vacuum conditions. Any such knoWn 
processes may be utiliZed to deposit the Nickel/Chromium 
and Chromium layers according to the teachings of the 
invention. 

[0010] The protective top coat applied in the topcoat 
application stage is preferably a clear, organic, thermosetting 
poWder, although an inorganic compound and means to 
produce a colored ?nish may also be utiliZed. Alternatively, 
the top coat may be comprised of an electroplated coating, 
or e-coating. The top coat is applied to the Wheel to cover the 
Chromium layer and is subsequently heated to cause 
crosslinking and solidi?cation. The Wheel is then permitted 
to cool doWn. 

[0011] The vacuum metaliZation process of the present 
invention permits a decorative, chrome coating to be applied 
to a metal object, for example an aluminum or steel Wheel, 
in an environmentally compatible manner Without the use of 
haZardous chemicals and Which is resistant to harsh climatic 
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conditions and delamination. These and other bene?ts of this 
invention Will become clear from the following description 
by reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a How diagram shoWing the steps of the 
process of the present invention; and 

[0013] FIG. 2 is a cross-sectional vieW of a substrate 
shoWing the coating layers formed thereon from the process 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] The present invention relates to a coating compo 
sition and a process of chroming aluminum and steel sub 
strates, and particularly to the vacuum metaliZation of chro 
mium onto aluminum or steel substrates. The process of this 
invention provides a decorative and durable chrome ?nish 
for aluminum or steel objects, for example vehicle Wheels, 
hub caps, bumpers, or the like Which is conducted in an 
environmentally compatible manner. 

[0015] Although it is Within the purvieW of this invention 
to provide a vacuum metaliZation process for chroming 
aluminum and steel substrates to produce articles exhibiting 
strong adhesion qualities of the metaliZed chrome and useful 
for a variety of articles, the chroming of an aluminum or 
steel Wheel for automotive use Will be used herein to 
describe the process stages and steps of the invention. 

[0016] Referring to FIG. 1, the four steps comprising the 
process of the present invention are set forth. The four 
general steps of the process are as folloWs: 1) Cleaning or 
Preparation Stage, 2) Base Coat Application Stage, 3) TWo 
Step PVD Stage and 4) Top Coat Application Stage. 

Cleaning and Preparation Stage 

[0017] The Cleaning and Preparation Stage 1 as shoWn in 
the process How diagram of FIG. 1 is comprised of process 
steps. The cleaning and preparation stage steps provide a 
proper or prepared metal surface for the remaining stages of 
the process of the invention. 

BASE COAT APPLICATION STAGE 

[0018] The Base Coat Application Stage 2 is shoWn in 
FIG. 1. The base coat preferably consists of a hybrid epoxy, 
thermosetting poWder coating or the like. HoWever, the base 
coat used in this step may be comprised of an organic or 
inorganic chemical composition. The base coating may also 
be comprised of an electroplated coating or e-coating. 
E-coatings are generally applied in liquid form via an 
electroplating process Whereby the substrate is either sub 
merged in a dip tank under speci?ed electrically charged 
conditions or is sprayed With the liquid e-coating material 
and then heated for curing purposes. 

[0019] Referring to FIG. 1, the Wheel is coated in the 
horiZontal face up position to ensure even and smooth 
coverage. By applying the poWder at the elevated tempera 
ture of approximately 150° F. to 250° F., the poWder begins 
to melt on the Wheel upon application. This process step 
accomplishes several advantages: it ensures that all areas are 
coated and that the pores of the aluminum or steel are still 
in an outgased stage, it enables a thinner coat to be applied, 
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and it reduces the time to preheat the metal in the next step. 
The desired thickness of the base coat is approximately 1.5 
to 5.0 mils. The Wheel is next preheated to an approximate 
temperature range of 285° F. to 310° F. after Which it 
remains in that temperature range for a period of approxi 
mately 8 to 12 minutes. During this phase step the poWder 
continues to melt and How evenly across all Wheel surfaces. 
Temperature ?uctuations above the desired range Will cause 
the ?oW-out process to stop, While ?uctuations beloW can 
cause thermal shock and effect the smoothness of the sur 
face. Variations in time, outside the parameters Will typically 
result in an uneven, Wavy or orange peal type ?nishes. 

[0020] The Wheel is next preheated to a temperature range 
of approximately 445° F. to 475° F., after Which it remains 
at that temperature for a period of approximately 13 to 20 
minutes. During this step the poWder crosslinks and solidi 
?es. If the temperature or time is reduced, typically evi 
denced by a light, transparent broWn appearance, the surface 
Will experience some movement during the curing of the top 
coat stage and thereby cause cracking in the Cr coating. If 
the temperature or time exceeds the parameters as typically 
evidenced by a black, non-transparent appearance, the sur 
face Will become too brittle and may separate from the Wheel 
during the top coat stage and/or reduce its ability to absorb 
impacts causing premature coating failure. Aproperly cured 
base coat has a dark, transparent broWn appearance on 
completion of the base coat curing. The Wheel is next cooled 
to a temperature range of approximately 100° F. to 250° F., 
in preparation for the metaliZation process. By keeping the 
Wheel at an elevated temperature, the metaliZation layers 
adhere better to the organic base coat, for example, and it 
provides a brighter (lighter color) to the Cr coating. 

TWo-Step PVD Stage 

[0021] The Wheel is next placed into a Physical Vapor 
Deposition (PVD) chamber for metaliZation. The chamber is 
equipped With Ni/ Cr targets and Cr targets. Suf?cient targets 
are arranged so that one of each type target Will cover 100% 
of the Wheel as the Wheel is rotated on its axes in the 
chamber, to ensure complete coverage. The pressure in the 
chamber is then reduced to a pressure of approximately 0.2 
to 0.75 mTorr to evacuate any moisture, outgas chamber 
Walls and Wheel base coat, and to create a vacuum environ 
ment. Argon, of approximately 99.99% purity is then 
injected into the chamber to bring the pressure up to approxi 
mately 2.5 to 3.5 mTorr, in order to create a plasma 
environment. At this step, a base metal layer consisting of 
approximately 50% to 80% Ni and approximately 50% to 
20% Cr is applied by sputtering for approximately 10 to 20 
seconds at approximately 700 volt, 17 amps and 12 kW. 
These process step parameters are exemplary and vary 
depending upon the type of PVD machine and poWer supply 
utiliZed in the PVD machine. For example, changes in the 
poWer supply Would change the time and voltage required. 
A loWer content of Ni and a higher content of Cr in a target 
Will produce a lighter color on the second (Cr) metaliZation 
layer. The base metal coating of this invention step provides 
a stable base for the Cr to be applied over. Samples Without 
the Ni/Cr base developed cracks in the ?nal step of heating 
the Wheel to cure the top coat. 

[0022] The pressure in the chamber is then reduced to a 
pressure of approximately 1.5 to 3.5 mTorr, in preparation 
for applying the Cr metal coating. Cr of approximately 
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99.99% purity is then applied by sputtering for approxi 
mately 5 to 10 seconds at approximately 620 volts, 19 amps 
and 12 kW. These process steps are exemplary depending 
upon PVD machine type, poWer supply, siZe of targets and 
chamber pressure, etc. During the Ni/Cr application the Cr 
target Will be charged in a range of approximately 0.25 kW 
to 0.3 kW, and during the Cr application the Ni/Cr target is 
charged in a range of approximately 0.04 kW to 0.05 kW to 
prevent contamination from each other. The desired thick 
ness of the combined tWo metal layers is about 350 A to 600 
A. On completion of the base and top coat the chamber is 
vented back to atmospheric pressure using compressed air 
that is heated, dried and ?ltered. Using the processed air to 
vent the chamber prevents contamination of the chamber’s 
interior. The Wheel is then removed from the vacuum 
chamber for application of the protective, clear organic top 
coat, for example. The tWo-step PVD stage set forth herein 
is exemplary and the NiCr and Cr layers may be deposited 
onto the prepared substrate surface in any knoWn manner 
including for example, by Arc, CVD or similar methods of 
vacuum metaliZation. The important aspect of this stage 
being the use of the sequential NiCr and Cr layers onto the 
prepared substrate surface. 

[0023] As knoWn in the art, various PVD and CVD 
processes are knoWn utiliZing metallic targets in vacuum 
conditions and employing magnetrons to produce magnetic 
?elds for concentrating the deposit of the metal ions to the 
object. For example, a planar magnetron con?guration has 
been found suitable in the tWo-step PVD process of the 
present invention. Thus, a planar magnetron sputtering 
source or one having a ?at or planar shaped target has been 
found suitable in accordance With the process of this inven 
tion. HoWever, other vacuum metaliZation processes may 
also be utiliZed in the chroming of aluminum and steel 
substrates process of this invention. 

Topcoat Application Stage 

[0024] The Topcoat Application Stage 4 is shoWn in FIG. 
1. The clear organic top coat application preferably consists 
of an acrylic, thermosetting poWder coating or the like. The 
purpose of the topcoat is to provide protection to the metal 
coatings, Wear resistance and UV protection. The topcoat 
may have an organic or inorganic chemical composition. 
The top coating may also be comprised of an electroplated 
coating or e-coating. The e-coating provides a scratch resis 
tant top coat for the chrome layer applied in the tWo-step 
PVD process of the invention. E-coatings are generally 
applied in liquid form via an electroplating process Whereby 
the chromed substrate is either submerged in a dip tank 
under speci?ed electrically charged conditions or is sprayed 
With the liquid e-coating material and then heated for curing 
purposes. 

[0025] The Wheel is coated in the horiZontal face up 
position to ensure even and smooth coverage. The desired 
thickness of the coating is in a range of approximately 2.0 
to 3.0 mils. The clear top coat is applied at a temperature 
range betWeen approximately 80° F. to 200° F. Temperatures 
exceeding these parameters Will cause the Cr layer to 
darken. After application of the clear top coat, the Wheel is 
preheated to an approximate temperature range of 320° F. to 
360° F., after Which it Will remain at that temperature for a 
period of approximately 15 to 20 minutes. During this 
method step, the poWder Will crosslink and solidify. The 
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Wheel then enters a cool doWn chamber Where ?ltered air 
cools the Wheels to ambient temperature. 

[0026] FIG. 2 shoWs a cross-section of the layers formed 
on the chromed substrate 10 as a result of the process steps 
of the present invention. The Wheel or substrate 11 is shoWn 
to have a base coat layer 12, a Ni/Cr metal layer 13, a Cr 
layer 14, and a top coat layer 15. The base coat 12 is 
preferably a hybrid epoxy, thermosetting poWder or the like. 
The Ni/Cr layer 13 and the Cr layer 14 are formed in the 
tWo-step PVD process and are, together, preferably approxi 
mately 350 A to 600 A in thickness. The top coat is 
preferably an acrylic, thermosetting poWder coating or the 
like, hoWever, organic or inorganic top coat compositions 
may be utiliZed as previously discussed. 

[0027] The discussion above regarding the base coat appli 
cation stage and the top coat application stage, particularly 
With respect to FIG. 1, relates respectively to the application 
of a hybrid epoxy, thermosetting poWder coating for the base 
coat and the application of an acrylic thermosetting poWder 
coating for the top coat. The application of these base coat 
and top coat formulations require speci?c process param 
eters, i.e., temperatures, times, etc., as set forth in FIG. 1. As 
also discussed herein, other base coat and top coat formu 
lations may also be used in the metaliZation process of the 
invention. The application parameters of these base coat and 
top coat formulations Would be different from those dis 
cussed With respect to FIG. 1 and are generally set by the 
manufacturers of the coating formulations. 

[0028] Although a clear top coat has been discussed in the 
process of the invention, various colored tints may also be 
utiliZed on the chromed layer produced in this invention. For 
example, the top coat itself may be tinted With a color, or a 
color may be provided to the object itself during the PVD 
process. For example, the introduction of a gas such as 
Argon, Nitrogen, or the like in the PVD process, as knoWn 
in the art, Will produce a speci?ed color to the object. 

[0029] A Wheel coated using the process of the present 
invention produced the folloWing test results: 

1) Salt Spray Test (ASTM B-117) 480+ Hours 
2) Adhesion (ASTM D-3359) 100% 
3) Pencil Hardness (ASTM D-3363) H-2H 
4) Thermal Cycle (GM 264M) Passed 

[0030] In summary, the process of the present invention 
provides a Preparation Stage 1, a Base Coat Application 
Stage 2, a TWo-Step PVD Stage 3, and a Top Coat Appli 
cation Stage 4. The process produces or forms metallic 
layers or a chrome coating on a surface, preferably alumi 
num or steel, of an object, such as vehicle Wheels, hub caps, 
bumpers and the like, on Which it is desirable to have a 
decorative chrome ?nish. The process of this invention is 
conducted Without the use of haZardous chemicals, making 
it environmentally friendly, and produces a chrome ?nish 
Which is resistant to the elements and has a reduced potential 
for delamination. 

[0031] As many changes are possible to the embodiments 
of the processes of this invention utiliZing the teachings 
thereof, the descriptions above, and the accompanying draW 
ing should be interpreted in the illustrative and not in the 
limited sense. 
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That Which is claimed is: 
1. A metallic coating composition for a prepared alumi 

num or steel substrate comprising: 

a) a ?rst stabilizing metallic layer, said ?rst stabilizing 
metallic layer comprising a mixture of approximately 
50-80% Nickel and 50-20% Chromium; 

b) a second metallic layer applied to said ?rst stabiliZing 
metallic layer, said second metallic layer comprising 
approximately 99% Chromium; and 

c) a top protective layer applied to said second metallic 
layer. 

2. The metallic coating composition of claim 1, Wherein 
said top protective layer is an acrylic thermosetting poWder 
and is cured at an approximate range of 320-360° C. 

3. The metallic coating composition of claim 1, further 
comprising a base coat beneath said ?rst stabiliZing metallic 
layer. 

4. The metallic coating composition of claim 3, Wherein 
said base coat is a thermosetting poWder. 

5. The metallic coating composition of claim 1, Wherein 
said ?rst stabiliZing metallic layer and said second stabiliZ 
ing metallic layer have a combined thickness of approxi 
mately 350-600 A. 

6. The metallic coating composition of claim 1, Wherein 
said ?rst metallic layer and said second metallic layer are 
applied via a vapor deposition process. 

7. The metallic coating composition of claim 1, Wherein 
said coating composition on the aluminum or steel substrate 
is for use in the automotive industry. 

8. A metallic coating composition for a substrate com 
prising: 

a) a ?rst metallic layer, said ?rst metallic layer comprising 
a mixture of approximately 50-80% Nickel and 50-20% 
Chromium; and 

b) a second metallic layer applied to said ?rst metallic 
layer, said second metallic layer comprising approxi 
mately 99% Chromium. 

9. The coating composition of claim 8, further comprising 
a base coat beneath said ?rst metallic layer and a top coat 
applied over said second metallic layer. 
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10. The coating composition of claim 9, Wherein said base 
coat is a thermosetting poWder and Wherein said top coat is 
an acrylic thermosetting poWder. 

11. The coating composition of claim 8, Wherein said ?rst 
metallic layer and said second metallic layer have a com 
bined thickness of approximately 350-600 

12. The coating composition of claim 8, Wherein said 
substrate is aluminum or steel and Wherein said ?rst metallic 
layer and said second metallic layer are applied via a vapor 
deposition process. 

13. Alayered coating composition for a prepared substrate 
comprising: 

a) a ?rst layer applied via a vacuum vapor deposition 
process, Wherein said ?rst layer is comprised of tWo 
metals, a ?rst metal and a second metal, and Wherein 
said ?rst layer is comprised of approximately 50-80% 
of said ?rst metal and approximately 50-20% of said 
second metal; and 

b) a second layer applied over said ?rst layer via a vacuum 
vapor deposition process, Wherein said second layer is 
comprised of approximately 99% of said second metal. 

14. The coating composition of claim 13, Wherein said 
prepared substrate is made of metal. 

15. The coating composition of claim 14, Wherein said 
metal is aluminum or steel. 

16. The coating composition of claim 13, Wherein said 
?rst metal is Nickel. 

17. The coating composition of claim 13, Wherein said 
second metal is Chromium. 

18. The coating composition of claim 13, Wherein a third 
layer is applied over said second layer and Wherein said third 
layer is a protective top coat layer. 

19. The coating composition of claim 13, Wherein a base 
coat is applied onto the substrate beneath said ?rst layer is 
applied. 

20. The coating composition of claim 13, Wherein said 
layered coating composition on said substrate is utiliZed in 
the automotive industry. 

* * * * * 


