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PRETREATMENT OF ALUMINUM ALLOYS BY HYDRATION OF THE
ALUMINUM SURFACE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This patent application claims priority to U.S. Provisional Patent
Application No. 61/367,899 filed July 27, 2010; which is incorporated herein by

- reference in its entirety.

BACKGROUND

[0002] The natural oxide on aluminum can be reinforced or altered by several

treatment methods to serve as a substrate suitable for bonding to a coating and to give
better protection against corrosion.
SUMMARY
[0003] A process for treating an aluminum alloy substrate comprises:
exposing an untreated and uncoated aluminum alloy substrate having a layer of
aluminum oxide to an aqueous environment for a period of time in the range of about
1 second to about 20 seconds, wherein the aqueous environment has a temperature of
at least 170°F. and wherein the environment is substantially free of deleterious ions.
In some embodiments, exposing the aluminum alloy substrate to an aqueous
environment comprises submerging the aluminum alloy substrate in an aqueous
- liquid. In some embodiments, exposing the aluminum alloy substrate to an aqueous
environment comprises spraying an aqueous solution on the substrate, In some
embodiments, before exposing the aluminum alloy substrate to an aqueous
environment, the substrate is cleaned with a cleaning agent substantially free of
deleterious ions. In some embodiments, the aqueous environment contains 5 parts per
million or less of phosphates, 5 parts per million or less of fluoride, and 10 parts per
million or less of silicates. In some embodiments, the aqueous environment has a
temperature of about 205° F. to about 210° F, In some embodiments, the substrate is
exposed to the aqueous environment for about 5 seconds to about 10 seconds, In
some embodiments, the process further comprises cooling the substrate. In some
embodiments, the process further comprises drying the substrate. In some
embodiments, the process further comprising coating the substrate with an organic
coating. In some embodiments, the substrate is a sheet in a coil. In some

embodiments, the sheet is suitable for use in food or beverage packages,
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[0004] A treated aluminum alloy substrate comprises: an aluminum alloy
substrate; a layer of aluminum oxide on the substrate; and a layer of hydrated oxide
on the layer of aluminum oxide, wherein the combined thickness of the layer of
aluminum oxide and the layer of hydrated oxide is less than about 40 nm. In some
embodiments, the layer of hydrated oxide appears substantially clear and colorless, In
some embodiments, the substrate comprises a coil of aluminum sheet. In some
embodiments, the sheet is suitable for use in food or beverage packages.

[0005] In some embodiments, the substrate may also have a polymeric coating
on the layer of hydrated oxide. The polymeric coating may be organic or inorganic.
In some embodiments, the polymeric coating comprises one of a vinyl, polyester,
epoxy or poly-fluorinated coating. In some embodiments, the polymeric coating

remains substantially intact upon deformation of the substrate.

[0006] In some embodiments, the treated aluminum substrate comprises at
least 0.6% Mg, at least 3% Mg, or at least 4% Mg,
[0007] The layer of hydrated oxide is formed by exposing the layer of

aluminum oxide to one of a heated aqueous solution, steam, or a combination of a
heated aqueous-solution and steam. In some embodiments, a layer of hydrated oxide
is formed by exposing the layer of aluminum oxide to one of a heated aqueous
solution, steam, or a combination of an aqueous solution-and steam, for about 3
seconds to about 4 seconds. In other embodiments, the exposure fime is about 10
seconds, In yet other embodiments, the exposure time is about 1 second to about 20
seconds. In further embodiments, the exposure time is about 5 seconds to about 10
seconds.

[0008] A method of treating an aluminum alloy substrate comprises: exposing
an aluminum alloy substrate having a layer of aluminum oxide to one of heated water,
steam or a combination of heated water and steam to form a hydrated oxide layer
wherein the aluminum oxide layer and hydrated oxide layer have a combined
thickness of about 11-40. In some embodiments, the combined thickness is about 15-
35 nm, In other embodiments, the combined thickness is about 20-30 nm.

[0609] In some embodiments, the aluminum alloy substrate is exposed to one
of heated water, steam or a combination of heated water and steam for about 10
seconds.

[0010] In some embodiments, the method of treating an aluminum alloy

substrate further comprises applying a polymeric coating to the hydrated oxide layer.
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[0011] In some embodiments, the polymeric coating remains substantially
intact upon deformation of the aluminum alloy substrate.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects and advantages of the present

invention will become better understood with regard to the following description,
appended claims, and accompanying drawings where:

[0013] Figure 1 is a magnified cross-section view of an aluminum alloy
substrate having a layer of aluminum oxide and a layer of hydrated oxide according to
one embodiment of the present invention,

[0014] Figure 2 is a graph illustrating temperature of metal versus the time in
seconds the metal was submerged in heated water.

[0015] Figure 3 is a chart showing the results of various tests performed on
three different polyester coated 5182 aluminum alloy sheets, each having undergone a
different or no surface treatment prior to coating.

[0016] Figure 4 is a chart showing the results of various tests performed on
three different vinyl coated 5042 aluminum alloy cans, each having undergone a
different or no surface treatment prior to coating.

[0017] Figure 5 is a graph showing the enamel rating of as fabricated cans
verses the thickness of the combined layer of aluminum oxide and hydrated oxide.

[0018] Figure 6 is a graph showing the ename! rating before and after HCI test
verses the thickness of the combined layer of aluminum oxide and hydrated oxide.
Figure 7 shows, on the left, a can treated according to an embodiment of the invention
and, on the right, a can treated with chromium phosphate according to the prior art.

[0019] Figure 8 shows the results of a test in which 610 scotch tape was
applied and removed from an arca where the coating had been sliced in a cross
hatched pattern after the samples were exposed to boiling water per American
Architectural Manufacturers Association 2605-05, Section 7.4.1.3.

[0020] Figure 9 shows the results of a test in which coating on the samples
was sliced and the samples were exposed to steam per General Motors 9525P
(Thermal Shock for Paint Adhesion).

[0021] figure 10 shows the results of a test in which coating on the samples
was sliced and the samples were immersed in 3.1% HCI at 35 C for 2 minutes;
exposed to 85% relative humidity and 45 C for 144 hours; and dried at room

temperature for 24 hours,



WO 2012/015787 PCT/US2011/045295

[0022] Figure 11 shows the results of a test in which coating on the samples
was sliced and the samples were exposed sample to an alternating wet and dry
acidified salt spray for twenty-one days per ASTM G85-A2.

[0023] Figure 12 is a graph that shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer as a function of the magnesium
concentration in the aluminum alloy substrate.

[0024] Figure 13 is a graph that shows the rate of growth of the combined
aluminum oxide and hydrate oxide layer as a function of the temper of the aluminum
alloy substrate.

[0025] Figure 14 is a chart showing the elemental composition by X-ray
photoelectron spectroscopy of the F and T43 tempered 6111 surfaces.

[0026] Figure 15 is a graph showing a comparison of the infrared spectra of F
and T43 tempered 6111 surfaces.

[0027] Figure 16 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer as a function of water temperature.

[0028] Figure 17 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various F temper aluminum alloy
substrates having no surface preparation,

[0029] Figure 18 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were EIf Autochem A31K alkaline cleaned at 60 C for 5 seconds, borate, phosphate,
sulfate based, pH 9.1.

[0030] Figure 19 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were sodium carbonate cleaned at 60 C for 5 seconds, pH 10.2-10.8.

[0031] Figure 20 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were cleaned with Parco 305 (available from Henkle Technologies) alkaline at 54 C
for 5 seconds, potassium phosphate/potassium hydroxide based, pH 11.0-11.6.

[0032] Figure 21 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were acid cleaned with Parco 202 (available from Henkle Technologies) at 77 C for 5

seconds, phosphoric acid/sulfuric acid based, p <1.
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[0033] Figure 22 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on aluminum alloy substrates that
experienced various surface freatments before the formation of the layer of aluminum
hydrated oxide.

[0034] Figure 23 is a chart showing the elemental analysis by X-ray
photoelectron spectroscopy of the substrates which were tested to obtain the results
shown in the graph of Figure 22,

[0035] Figure 24 is a graph showing the rate of growth of the combined
aluminum oxide and hydrated oxide layer on an aluminum alloy substrate sodium
carbonate cleaned, exposed to 100% relative humidity for 21 days, and exposed in a
laboratory atmosphere for 21 days (15-25% relative humidity).

DESCRIPTION

[0036] One embodiment of the invention, shown in Fig. 1, comprises an

aluminum alloy substrate 10 having a layer of aluminum oxide 12 and a layer of
hydrated oxide 14 on the layer of aluminum oxide. In some embodiments, the
combination of the layer of aluminum oxide and the hydrated oxide is thick enough to
have a sufficient number of bonding sites so that a coating on the hydrated oxide layer
will have good adhesion. In soine embodiments, the combined thickness of the layer
of aluminum oxide and the layer of hydrated oxide is less than 40 nm. In other
embodiments the combined thickness is less than 136 nm. In some embodiments, the
combined thickness is about 15-35 nm. In other embodiments, the combined
thickness is about 20-30 nm. In yet other embodiments, the combined thickness is
about 7 nm to about 40 nm. These thicknesses provide a sufficiently high surface
tension (> 60 dynes/cm) for good wetting of the surface by the coating. In some
embodiments, a combined layer of aluminum oxide and the hydrated oxide having a
thickness in the ranges listed above is substantially amorphous and provides adhesion
to a coating that can undergo deformation along with the aluminum alloy substrate
without delamination of the coating. In some embodiments, the adhesion of the
substrate with the hydrated oxide to which the coating has been applied provides
corrosion protection that is at least equal to a chromium phosphate pretreatment, In
addition, in some embodiments a combined thickness of the layer of aluminum oxide
and the layer of hydrated oxide of about 40 nm or less appears clear and colorless to

the naked eye.
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[0037] In some embodiments, the aluminum alloy substrate further comprises
a polymeric coating on the layer of hydrated oxide. The polymeric coating is organic
in some embodiments, In some embodiments, the polymeric coating may comprise a
vinyl, polyester, epoxy or poly-fluorinated coating.

[0038] Hydrated oxide as used herein is meant to include aluminum hydroxide
and aluminum hydroxide in combination with aluminum oxides, Aluminum
hydroxide as used herein is meant to include the reaction product of aluminum oxides,
which may be naturally occurring, and water and/or steam. In some embodiments, the
reaction products may include AIQOH (H20) and/or AI(OH)3. In some
embodiments, the hydrated oxide as used herein may also include reaction products of
the other elements in the aluminum alloy substrate, such as magnesium hydroxide or
other elements, which may be in the water. Molecules of water may be included into
the hydrated oxide.

[0039] The aluminum alloy substrate may be in the form of foil, sheet, plate,
extrusion, tube, foam, rod or bar, for example. It will, therefore, be understood that
the use of the term aluminum alloy substrate herein is intended to include all such
aluminum materials and shapes. ‘

[0040] In some embodiments, the layer of aluminum oxide may be formed on
the aluminum alloy substrate simply by exposing the aluminum alloy substrate to the
atmosphere. The aluminum oxide coating may be naturally occurring, When a metal
or metal alloy is exposed to the atmosphere, an oxide coating generally forms. The
thickness of this coating depends on factors such as the composition of the alloy, the
temper of the metal, humidity, and temperature. A typical thickness for the initial
layer of aluminum oxide is about 7 nm to about 10 nm. The layer of aluminum oxide
may, however, be thicker or thinner.

[0041] In some embodiments, the layer of hydrated oxide is formed on the
layer of aluminum oxide by exposing the untreated and uncoated aluminum alloy
substrate with the layer of aluminum oxide to an aqueous environment. Untreated and
uncoated means that the substrate has not undergone any process or does not have any
coatings that would prevent the aluminum oxide from reacting with heated water. An
example of a process that is not considered a treatment for the purpose of this patent
application is cleaning the aluminum alloy substrate. An aqueous environment can
include water, steam or a combination of water and steam. The water may be

substantially pure or contain additives or contaminants, such as an additive that
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increases pH. In some embodiments the water is substantially free of deleterious
anions. In some embodiments, substantially frec of deleterious anions means water
containing 5 parts per million or less of phosphates, 5 parts per million or less of
fluoride, and 10 parts per million or less of silicates, It is envisioned that it would be
possible that water containing greater amounts of fluoride, silicates, and/or
phosphates, may still be substantially free of deleterious ions depending on what other
substances are in the water. In some embodiments, substantially free of deleterious
ions means substantially free of substances that inhibit growth of the hydrated oxide
layer under the particular conditions in which growth is desired, e.g. for the particular
alloy, temperature of liquid, chemical composition of the liquid, exposure time. In
some embodiments, the aqueous environment is deionized water.

[0042] In some embodiments, the temperature of the liquid in the aqueous
environment is about 170 degrees F. to about 212 degrees F, In other embodiments,
the liquid temperature may be about 200 degrees I. to about 212 degrees F. In further
embodiments, the liquid temperature of about 205 degrees F. to about 210 degrees F,
In some embodiments, the liquid temperatures are at least 170 degrees F. and may be
as high as the boiling point of the liquid.

[0043] The length of time the aluminum alloy substrate is exposed to the
aqueous environment may vary. Time of exposure can be as short as one second. In
some embodiments, exposure times can range from about 1 to about 20 seconds. In
other embodiments, exposure times may be in the range of about 3 seconds to about
10 seconds, about 5 seconds to about 10 seconds or about 5 seconds to about 8
seconds. In some embodiments, longer exposures are possible but may not be
necessary to achieve the layer of hydrated oxide or a combined layer of aluminum
oxide or hydrated oxide having a desired thickness, In general, the lower the
temperature of the liquid in the aqueous environment, the longer the exposure time
needed to achieve a specific thickness of the combined layer of aluminum oxide and
hydrated oxide. Conversely, the higher the temperature of the liquid in the aqueous
environment, the shorter the exposure time needed to achieve a specific thickness of
the combined layer of aluminum oxide and hydrated oxide. For example, if an
aluminum alloy having a layer of aluminum oxide is submerged in 170 degtees F.
water for 20 seconds, a combiner layer of aluminum oxide and hydrated oxide having

a thickness of almost 30 nm may result. If the same alloy under the same conditions
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is submerged in 205 degrees F. water, it may develop a combined layer of aluminum
oxide and hydrated oxide having a thickness of 30 nm in about 5 seconds.

[0044] In some embodiments, during at least a portion of the time period
when the aluminum alloy substrate is exposed to the aqueous environment, the
temperature of the aluminum alloy substrate is at least about 150 degrees F., in some
embodiments about 150 degrees F. to about the boiling point of the liquid in the
aqueous environment, in some embodiments, about 150 degrees F. to about 212
degrees F., in some embodiments, about 180 degrees F. to about 210 degrees F., in
other embodiments, about 190 degrees F. to about 210 degrees F. Figure 2 shows
average temperature of an aluminum alloy substrate verses the time the substrate was
immersed in heated water.

[0045] [n some embodiments, the aluminum alloy substrate is cleaned before
exposing the substrate to the aqueous environment. In some embodiments, the
substrate is cleaned with a cleaning agent that is substantially free of deleterious
anions: In some embodiments, the substrate is cleaned by being immersed in or
spayed with a cleaning agent for about 5 seconds to about 8 seconds or about 3
seconds to about 10 seconds. In some embodiments, the temperature of the cleaning
agent may be 130-150 degrees F. In some embodiments, only the surface of the
substrate upon which growth of a hydrated oxide layer is desired is cleaned. In some
embodiments, after cleaning, the cleaning agent is rinsed from the substrate. In some
embodiments, rinsing is accomplished by rinsing the substrate in substantially
deionized water for about 5 seconds to about 10 seconds.

[0046] In some embodiments, after the aluminum alloy substrate is exposed to
the aqueous environment, the substrate is cooled. In some embodiments, cooling is
accomplished by quenching the substréte in room temperature deionized water,

[0047] In some embodiments, the substrate is dried after cooling or after
exposure to the aqueous environment. In some embodiments, drying can be
accomplished via exposure to the atmosphere or by applying filtered, compressed air.

[0048] When the aluminum alloy substrate having a layer of aluminum oxide
is exposed to a heated aqueous environment, a hydrated oxide layer is formed. It is
unknown whether the hydrated oxide layer grows on top of the aluminum oxide layer
as an entirely new layer, or if the aluminum oxide layer is hydrated in part or in full.
It is thought, but not known for sure, that when the combination of the layer of

aluminum oxide and the layer of hydrated oxide is about 11 nm to about 40 nm that
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the layer of hydrated oxide may be about 4 nm to about 30 nm, Similarly, it is
thought that when the combination of the layer of aluminum oxide and the layer of
hydrated oxide is about 7nm to about 40 nm that the layer of hydrated oxide may be
about 1 nm te about 30 nm.

[0049] The thickness of the aluminum oxide layer, the hydrated oxide layer
and the combination of the layer of aluminum oxide and hydrated oxide is determined
by several factors including, the time the aluminum alloy substrate having the layer of
aluminum oxide layer is exposed to the aqueous environment; the method of exposure
to the aqueous environment, e.g. spray or immersion; the composition of the aqueous
environment, e.g, steam, liquid or a combination, the temperature of the aqueous
environment, the pH of the aqueous environment; the composition of the aluminum
alloy, the temperature of the aluminum substrate and whether the aluminum alloy was
heat treated, surface treated, cleaned, and, in some cases, the composition of any
cleaner used.

[0050] In some embodiments, exposing an aluminum alloy substrate having a
7-10 nm layer of aluminum oxide to substantially pure boiling water (having a pH of
approximately 6-7 for about 10 seconds produces a layer of hydrated oxide on the
layer of aluminum oxide wherein the combined thickness of the layer of aluminum
oxide and the layer of hydrated oxide is about 11 nm to about 30 nm. The same
combined thickness could be achieved in a shorter amount of time and/or a lower
water temperature by raising the pH of the water. In some embodiments, forming a
combined thickness of about 11 nm to about 30 nm via exposure of the aluminum
alloy substrate having a 7-10 nm layer of aluminum oxide to steam requires exposure
to the steam for more than 20 seconds. However, unexpectedly, in some
embodiments, a combined thickness of the aluminum oxide layer and the layer of
hydrated oxide of about 11 nm to about 30 nm can be formed via exposure of the
aluminum alloy substrate having a 7-10 nm layer of aluminum oxide to a combination
of 99 C water and steam having a pH of approximately § to approximately 9 for about
3 to about 4 seconds, In some embodiments, the water-steam mixture is
approximately 90% water and 10% steam. The above parameters and results are
accurate regardless of the alloy, heat treatment and temper.

[0051] In one example of how one embodiment of the invention could be
made, an aluminum alloy substrate having a layer of aluminum oxide is exposed to an

aqueous environment by spraying the aluminum alloy substrate with heated water,
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steam or combination of water and steam. The water, steam or combination of water
and steam is sprayed using spray nozzles. The water, steam or combination thereof
can be forced through the nozzles by force generated by a pumping system, or in the
case of steam, by its own vapor pressure. One approach to generating the water/steam
combination is the commercial Steam Jenny cleaning process. In one example of this
process, water is heated to 163 C in a closed tank. As the water exits the nozzle,
typically at 150 psi, the water partially vaporizes, producing a spray consisting of
approximately 90% 99 C water and 10% steam at pH 8 to 9. During contact, the
aluminum alloy substrate may be stationary or moving. The direction of contact is
irrelevant. The contact time may be about 3 seconds to about 20 seconds,

[0052] In one example, aluminum substrates were cleaned with a phosphate
silicate and fluoride-free cleaner for a 5 second immersion time at 140 degrees F. The
substrates were then rinsed in deionized water for 5 seconds at room temperature,
Following this rinse the substrates were then immersed in contaminant free 205-210
degrees F pure deionized water for 5-10 seconds. A room temperature deionized
water quench was applied to the substrates followed by a filtered in-house compressed
air dry cycle. Substrates comprised of various aluminum alloys were treating using
the process described in this paragraph and various coatings were applied on top of
the hydrated oxide layer. These substrates were put through a battery of tests, the
results of which are shown in Figures 3-14.

[0053] Referring to Figure 3, the substrate tested was comprised of a 5182
aluminum alloy sheet, treated using the process in the immediately preceding
paragraph and coated with polyester. A 5182 aluminum alloy substrate treated with
chromium phosphate (A272 chromium treatment) according to the prior art and
coated with polyester and a 5182 aluminum alloy substrate cleaned only (untreated)
and coated with polyester were also tested. The following tests were performed: dry
adhesion, pasteurization blush, pasteurize adhesion, process blush, process adhesion
and T-bends. The dry adhesion test measured percent of coating remaining after 610
scotch tape was applied and removed from an area where the coating had been sliced
in a cross hatched pattern. The pasteurization blush test measured color change after
heating the substrate in water at 82 C for 30 minutes. The pasteurization adhesion test
measured percent of coating remaining after 610 scofch tape was applied and removed
from an area where the coating had been sliced in a cross hatched pattern and after the

substrate was heated in water at 82 C for 30 minutes. The process blush test
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measured color change after heating the substrate in water at 121 C for 90 minutes.
The process adhesion test measured percent of coating remaining after 610 scotch
tape was applied and removed from an area where the coating had been sliced in a
cross hatched pattern and after heating the substrate in water at 121 C for 90 minutes.
The T-bend test measured coating loss after 610 scotch tape was applied and removed
from the edge of a substrate folded over on itself 1, 2, 3, 4, 5 times,

[0054] The percentages listed indicate the percent of the coating that remained
adhered to the substrate, or more specifically, the hydrated oxide layer on the
substrate, after completion of the test. Pass indicates that the substrate and the
coatings thereon exhibited no color change visible to the naked eye after completion
of the test. With respect to the T-bend test, 1-T is the best result possible and
indicates no coating loss on the folded edge of the substrate folded once over itself.

[0055] Figure 4 shows the results of the following tests performed on a
substrates comprising 5042 aluminum alloy beverage cans coated with vinyl: dry
sidewall adhesion, dry cross hatch adhesion, process sidewall adhesion, process cross
hatch adhesion and exposure to HCI at 66 degrees C for 24 hours.

[0056] The dry sidewall adhesion measured percent of coating remaining after
610 scotch tape was applied and removed from an area where the coating had been
sliced on the top lip of the can. The dry cross hatch adhesion test measured the
percent of coating remaining after 610 scotch tape was applied and removed from an
area where the coating had been sliced in a cross hatched pattern on the sidewall of
the can. The process sidewall adhesion test measured the percent of coating
remaining after 610 scotch tape was applied and removed from an area where the
coating had been sliced on the top lip of the can and after heating the can in water at
121 C for 90 minutes, The process cross hatch adhesion test measured the percent of
coating remaining after measured percent of coating remaining after 610 scotch tape
was applied and removed from an area where the coating had been sliced on the top
lip of the can and after heating the sample in water at 121 C for 90 minutes.

[0057] The can was exposed to HC! at 66 degrees C for 24 hours thenenamel
and blister ratings were taken. The HCI solution had a concentration of 0.5% and a
pH of .9 to 1.1. The enamel rating indicates milliamps of current in distilled water
containing 1% sodium chloride and 0.023% aerosol OT surfactant. The blister rating

was a visual rating of blisters from none to severe.
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[0058]} Figure 5 shows how the thickness of the combined layer of aluminum
oxide and hydrated oxide affects the enamel rating of a beverage can.

[0059] Figure 6 shows how the thickness of the combined layer of aluminum
oxide and hydrated oxide affects the enamel rating of beverage cans after the cans
were exposed to an HCI solution having a concentration of 0.5% and a pH of .9 to 1.1
for 24 hours at 66 degrees C.

[0060] Figure 7 shows, on the left, a can treated according to the embodiment
of the invention described in the example above and a can treated with chromium
phosphate (A272 chromium treatment) according to the prior art on the right, at 66
degrees C for 24 hours. The inside of both cans was coated with vinyl after being
treated and before HCI exposure, at 66 degrees C for 24 hours. It can be observed
that the can treated according to one embodiment of the invention has substantially
less blistering than the can that received the chromium phosphate treatment.

[0061] Figure 8 shows the results of a test in which 610 scotch tape was
applied and removed from an arca where the coating had been sliced in a cross
hatched pattern after the samples were exposed to boiling water per American
Architectural Manufacturers Association 2605-05, Section 7.4.1.3.

[0062] Figure 9 shows the results of a test in which coating on the samples
was sliced and the samples were exposed to steam per General Motors 9525P
(Thermal Shock for Paint Adhesion), .

[0063] Figure 10 shows the results of a test in which coating on the samples
was sliced and the samples were immersed in 3.1% HCI at 35 C for 2 minutes;
exposed to 85% relative humidity and 45 C for 144 hours; and dried at room
temperature for 24 hours. The cycle was repeated 8 times (8 weeks).

[0064] Figure 11 shows the results of a test in which coating on the samples
was sliced and the samples were exposed sample to an alternating wet and dry
acidified salt spray for twenty-one days per ASTM G85-A2.

[0065] Figure 12 shows the rate of growth of the combined aluminum oxide
and hydrated oxide layer as a function of the magnesium concentration in the
aluminum alloy substrate. From the graph, it can be seen that the rate of growth of
the combined aluminum oxide and hydrated oxide layer correlates with the
magnesium concentration in the aluminum alloy. The growth rate of the combined

layer on a low Mg alloy is approximately four times the growth rate on pure
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aluminum, The growth rate of the combined layer on a high Mg alloy is
approximately nine times the growth rate on pure aluminum.

[0066] The graph in Figure 13 shows the rate of growth of the combined
aluminum oxide and hydrate oxide layer as a function of the temper of the aluminum
alloy substrate. It can be seen that the rate of growth of the combined aluminum
oxide and hydrated oxide layer approximately doubles between F temper (cold rolled)
and T43 temper aluminum alloy substrates.

[0067] The chart in Figure 14 shows the elemental composition by X-ray
photoelectron spectroscopy of the F and T43 tempered 6111 surfaces. The XPS chart
shows the oxide thickens and the magnesium migrates to the surface during the
tempering process, which results in the increase in hydration rate from F to T43
tempers in the 6XXX chart above.

[0068] The graph in Figure 15 shows a comparison of the infrared spectra of F
and T43 tempered 6111 surfaces. The T43 spectrum shows an increase of hydroxyl
(O-H), water (H-O-H), aluminum oxide (Al-O), and magnesium oxide (Mg-O)
compared with the F temper sample.

[0069] The graph in Figure 16 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer as a function of water temperature. It can
be seen that hydration is a function of water temperature. Infrared analysis indicated
that the type of oxide/hydroxide formed at all of the above temperatures was similar.
The infrared spectrum showed that the combined layer with a thickness less than 30
nm was a mixture of aluminum and magnesium oxide and hydroxide, while the
combined layer having a thickness greater than 30 nm also contained some boehmite
(AIOOH).

[0070] The graph in Figure 17 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various F temper aluminum alloy
substrates having no surface preparation. This graph shows that while cleaning the
surface before hydration may be preferred in some embodiments, hydration can also
be accomplished on a mill finished surface.

[0071] The graph in Figure 18 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were EIf Autochem A31K alkaline cleaned at 60 C for 5 seconds, borate, phosphate,
sulfate based, pH 9.1. This cleaning process had no effect on the growth rate of the

combined layer on aluminum alloys having a high Mg concentration as compared

13



WO 2012/015787 PCT/US2011/045295

with the uncleaned F temper aluminum alloy substrate in the previous chart,
However, this cleaning process appeared to inhibit the growth rate of the combined
layer on aluminum alloy substrates having a low Mg concentration.

[0072] The graph in Figure 19 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were sodium ca.rbonate cleaned at 60 C for 5 seconds, pH 10.2-10.8, This cleaning
process had no effect on the growth rate of the combined layer on aluminum alloys
having a high Mg concentration as compared with the uncleaned F temper aluminum
alloy substrate. However, this cleaning process appeared to increase the rate of
growth rate of the combined layer on aluminum alloy substrates having a low Mg
concentration.

[0073] The graph in Figure 20 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were cleaned with Parco 305 (available from Henkle Technologies) alkaline at 54 C
for 5 seconds, potassium phosphate/potassium hydroxide based, pH 11.0-11.6. On the
Parco 305 cleaned aluminum alloy substrates, the combined layer exhibited a growth
rate similar to the growth rate of the combined layer on the sodium carbonate cleaned
aluminum alloy substrates with respect to the 6111, 5042 and 5182 alloys, With
respect to the 3004 alloy, the growth rate of the combined layer increased relative 1o
the sodium carbonate cleaned substrate.

[0074] The graph in Figure 21 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on various aluminum alloy substrates that
were acid cleaned with Parco 202 (available from Henkle Technologies) at 77 C for 5
seconds, phosphoric acid/sulfuric acid based, pH <1. This cleaning process inhibited
the growth of the combined layer on all of the alloys tested.

[0075] The graph in Figure 22 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on aluminum alloy substrates that
experienced various surface treatments before the formation of the layer of aluminum
hydrated oxide. The substrates were cleaned with a sodium carbonate based cleaner
before the surface treatment. One substrate was treated with a 50% nitric acid
solution at room temperature for 1 minute. One substrate was treated with Deox 31
(available from Henkle Technologies) at for 1 minute. One substrate was treated with
a 10% phosphoric acid solution at room temperature for | minute, One substrate was

treated with Nova bd (available from PCS Phosphates, Inc.) at 102 C for 2 minutes,
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followed by a treatment with a 50% nitric acid solution at room temperature for 20
seconds, One substrate was treated with a 10% sodium silicate solution at room
temperature for 1 minute. After surface treatment, each substrate was rinsed with
deionized water, and then hydrated at 99 C. The nitric acid treatment had no effect on
the growth rate of the combined aluminum oxide and hydrated oxide layer, The Deox
31 treatment decreased the growth rate of the combined layer by approximately 3
times. The phosphoric acid, Nova bright dip/nitric acid and sodium silicate treatments
all inhibited the growth of the combined layer.

- 10076] The elemental analysis by X-ray photoelectron spectroscopy in the
chart in Figure 23 shows the elements that inhibited hydration shown in the graph of
Figure 22. The rate of growth of the combined aluminum oxide and hydrated oxide
layer correlates with the magnesium concentration on the surface of the aluminum
alloy substrate; the higher the magnesium concentration, the higher the growth rate,
except when ions such as phosphate, silicate or fluoride have reacted with surface
hydroxyls.

[0077] The graph in Figure 24 shows the rate of growth of the combined
aluminum oxide and hydrated oxide layer on an aluminum alloy substrate sodium
carbonate cleaned, as detailed above, exposed to 100% relative humidity for 21 days,
and exposed in a laboratory atmosphere for 21 days (15-25% relative humidity),
Exposure to 100% relative humidity for 21 days had only a slight effect on the
combined aluminum oxide and hydrated oxide layer growth rate relative to the
carbonate cleaned aluminum alloy substrate. Exposure to a laboratory atmosphere for
21 days had a larger effect on the growth rate of the combined layer than exposure to
100% relative humidity for 21 days. An XPS analysis identified fluoride and sulfur
contaminate species on the lab exposed aluminum alloy substrate. Infrared analysis
identified the sulfur contaminate as sulfate. These results suggest the fluoride and/or
sulfate surface contaminants inhibited hydration to a small extent.

[0078] It has been observed that the rate of growth of the combined aluminum
oxide and hydrated oxide on an aluminum alloy substrate is a function of the alloy
and is correlated with the magnesium concentration in the alloy. The combined
growth rate is also affected by the temper of the metal as heat treatments increase the
magnesium oxide/hydroxide on the surface of the substrate. The combined growth
rate is also a function of the temperature of the water contacting the substrate. The

chemistry of the combined layer formed via contact with water, steam or a
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combination thereof, having a temperature from about 71 C to about 99 C is similar.
Cleaning of the aluminum alloy substrate before the layer of aluminum oxide and
hydrated oxide is formed can have a major effect on the growth rate of the combined
layers depending on the type of cleaner. The effect of surface treatments of the
aluminum alloy substrates on the growth rate of the combined layer can range from no
effect to complete inhibition of growth. The growth rate is affected by compounds
absorbed from the atmosphere onto a freshly cleaned surface.

[0079] In another example, an aluminum alloy sheet was conveyed down a
coil line through a spray section where it was cleaned with a phosphate silicate and
fluoride-free cleaner. Cleaner contact time was 5-8 second at 140 degrees F.
Following the cleaning stage the sheet passed through 3 contaminant free room
temperature deionized water spray rinses. After rinsing, the sheet was immersed via a
submerged pass line in a contaminant free deionized water tank at 205-210 degree F
for 5-8 seconds. The sheet left the submerged pass line tank and was immediately
quenched with a contaminant free room temperature deionized water spray. The final
step was to dry the sheet by passing it through a room temperature air blow-off drying
zone. The combined thickness range of the layer of aluminum oxide and hydrated
oxide obtained was between 14 and 25 nm,

[0080] TFigures 25 - 31 show test results performed on subsirates having a
hydrated oxide layer produced in a coil line. Figures 29 and 30 also show test results
from substrates treated using prior art methods for comparison purposes.

[0081] In some embodiments, the hydrated oxide layer can provide an
excellent surface for adhesion of: paints, primers, architectural paints such as organic
solvent thinned paints, shellacs, cellulose derivatives, acrylic resins, vinyl resins,
bitumens, and water thinned paints (latexes) such as copolymers of butadiene and
styrene, polyvinyl acetate, acrylic resin; commercial finishes such as air-drying
finishes such as epoxies, urethanes, polyester resins, alkyds, modified rubbers, and
baking finishes such as acrylic resins, phenolic resins; industrial coatings such as
corrosion resistant coatings, phenolic resins, chlorinated rubber, coal tar, epoxies,
epoxies cured from a solvent solution with polyfunctional amines, polyamide resins,
vinyl resin, elastomers, polyesters, and polyurethanes, and high temperature coatings
such as silicone rubber, silicone resins, polyamides, TFE polymers; and immersion
service coatings such as asphalt, thermoplastic coal tar, epoxy-furans, amine-cured

epoxies, flurorocarbons, furfuryl alcohol resins, neoprene, bake unmodified phenolics,
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unsaturated polyesters, polyether resins, low-density polyethylene, chlerosulfonated
polyethylene, polyvinyl chloride plastisols, resinous cements, rubber, urethanes,

[0082] Sheet stock coated with a polymeric material produced in accordance
with some embodiments of the present invention is suitable for use in can bodies or as
end stock for easy open ends. The polymer coatings can be applied, for example, by
spraying, dipping, roll coating, laminating, powder coating and then formed into
containers,

[0083] Although the present invention has been described in considerable
detail with reference to certain versions thereof, other versions are possible.
Therefore, the spirit and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

[0084] All features disclosed in the specification, including the claims,
abstracts, and drawings, and all the steps in any method or process disclosed, may be
combined in any combination, except combinations where at least some of such
features and/or steps are mutually exclusive. FEach feature disclosed in the
specification, including the claims, abstract, and drawings, can be replaced by
alternative features serving the same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar features,

[0085] Any element in a claim that does not explicitly state "means" for
performing a specified function or "step” for performing a specified function should not

be interpreted as a "means or step for" clause as specified in 35 U.S.C. § 112,
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CLAIMS

1. A process for treating an aluminum alloy substrate comprising:

exposing an untreated and uncoated aluminum alloy substrate having a layer
of aluminum oxide to an aqueous environment for a peried of time in the range of
about 1 second to about 20 seconds, wherein the aqueous environment has a
temperature of at least 170°F. and wherein the environment is substantially free of

deleterious ions.

2. The process of Claim 1 further comprising, before exposing the
aluminum alloy substrate to an aqueous environment, cleaning the substrate with a

cleaning agent substantially free of deleterious ions.

3. The process of Claim 1 wherein the aqueous environment contains 5
parts per million or less of phosphates, 5 parts per million or less of fluoride, and 10

parts per million or less of silicates.

4. The process of Claim 1 wherein the aqueous environment has a

temperature of about 205° F. to about 210° F.

5. The process of Claim 1 wherein the substrate is exposed to the aqueous

environment for about 5 seconds to about 10 seconds.

6. The process of Claim 1 further comprising cooling the substrate.

7. The process of Claim 1 further comprising drying the substrate.

8. The process of Claim 1 wherein the substrate is a sheet in a coil,

9. The process of Claim 1 wherein exposing the aluminum alloy substrate

o an aqueous environment comprises submerging the aluminum alloy substrate in an

aqueous liquid.
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10.  The process of Claim ] wherein exposing the aluminum alloy substrate

to an aqueous environment comprises spraying an aqueous solution on the substrate.

11.  The process of Claim 1 further comprising coating the substrate with

an organic coating,

12, The process of Claim 8 wherein the sheet is suitable for use in food or

beverage packages.

13. A treated aluminum alloy substrate comprising:
an aluminum alloy substrate;
" a layer of aluminum oxide on the substrate; and
a layer of hydrated oxide on the layer of aluminum oxide, wherein the
combined thickness of the layer of aluminum oxide and the layer of hydrated oxide is

less than about 40 nm.

14.  The substrate of Claim 13 wherein the layer of hydrated oxide appears

substantially clear and colorless.

15.  The substrate of Claim 13 wherein the substrate comprises a coil of

aluminum sheet,

16, The substrate of Claim 15. wherein the sheet is suitable for use in food

or beverage packages,
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Flat Sheet Performance Results
Polyester Over 5182
Dry Pasteurize | Pasteurize | Process | Process | T-bends
Adhesion | Blush Adhesion | Blush Adhesion
Chromium Pass Pass Pass Pass Pass 1-T
Phosphate
Cleaned Pass Spots Pass Spots Fail 1-T
Only
Oxide/ Pass Spots Pass Pass Pass 1-T
hydroxide
Fig. 3
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Can Performance Results

Vinyl Over 5042-H2E72

PCT/US2011/045295

Dry Dry Process Process Enamel | Blister

Sidewall Crosshatch Sidewall Crosshatch rating Rating

Adhesion | Adhesion Adhesion | Adhesion after

HCI
Chromium 100% 100% 100% 100% 31 Slight
phosphate
Cleaned 0% 10% 40% 80% 178 Severe
only
Oxide/ 7% 100% 100% 100% 18 Slight
hydroxide 100%
Fig. 4
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Enamel Rating of as Fabricated Cans vs Oxide/Hydroxide Thickness
Vinyl over 5042-H2E72
160
140
120
@ 100
o
§ w
E 60
40
20
0
0 10 15 20 25 30 35 40 45
(nm)
Fig. S
Enamel Rating Before and After HCl Test vs Oxide/hydroxide
Thickness
Vinyl over 5042-H2E72
160
140
120
2 100 o FabER
E &0 . ER Before
E €0 =« ER After
40
20
0 ‘ i
10 20 30 40 50
(nm)
Fig. 6
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Flat Panel Results
Fluoropolymer Over 6063 T4
Boiling Water Test

Cleaned only Oxide/hydroxide Chromium phosphate

. ) - ®
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Flat Panel Results
Fluoropolymer Over 6063 T4
Thermal Shock Test

Cleaned only Oxide/hydroxide Chromium phosphate

A\

Fig. 9
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Flat Panel Results
Fluoropolymer Over 6063 T4
Hydrochloric Acid Test

Cleaned only Oxide/hydroxide Chromium phosphate
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Flat Panel Results
Fluoropolymer Over 6063 T4
MASTMAASIS Test

Cleaned only Oxide/hydroxide Chromium phosphate
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Oxide/Hydroxide Thickness on Alioys vs Bxposure Time
Cold Rolled Samples Hydrated with DI Water at 99 C

50.0
40.0 & 1050, 0.05% Mg
S 6022, 0.6% Mg
30.0
E 6111, 0.75% Mg
c

20.0 =« 3004, 1.05% Mg
%5042, 3.5% Mg

& 5182, 4.5% Mg

10.0

80 100

{sec)

Fig. 12

Oxide/Hydroxide Thickness on 6XXX Alloys vs Exposure Time
F Temper and T43 Temper Samples Hydrated with DI Water at 98 C

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

¢ 6022 F

¥ 6022 T43
6111 F

& 6111 T43

(nmy)

(sec)

Fig. 13
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XPS of 6111 F and T43 Tempers

Elemental Atomic Percent

C o F Na | Mg Al Si S Cl | Mg/Al Al oxide thickness

(nm)

F Temper, Labeled Side 491132910000 1.9 | 148 | 1.1 ] 01 | 01 .13 5.0

f Temper, Unlabeled 523 1 296 | 0.1 | QO | 1.9 | 147 | 1.3 | 0.1 | 0.0 4.5

Side

T43 Temper, Labeled 5101 32300 ] 03| 9.0 57 1021302 1.58 >7.0

Side

T43 Temper, Unlabeled 529 [ 308 | 00| 0O | 104 | 46 | 0.2 | 09 | 0.2 | 2.26 »7.0

Side

Fig. 14
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FT-IR of 6111, F and T43Tempers

BN R N

Py ad

T43 Temper

AL

¥ AREES

F Temper

Fig. 15
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Oxide/Hydroxide Thickness vs Exposure Time
5182, Cold Rolled, Hydrated with DI Water from 71 Cto 99 C
¢99C
§a93C
B 88 C
=
w32 C
%77C
&71C
(sec)
Fig. 16
Oxide/Hydroxide Thickness vs Exposure Time
Cold Rolied Sheet, Hydrated with Dl Water at 93 C
46111
(3 ¥ 3004
£
5042
% 5182
(s8C)
Fig. 17
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Oxide/Hydroxide Thickness vs Exposure Time
A31K Cleaned Sheet, Hydrated with DI Water at 99 C
¢ 6111
,g & 3004
~ 5042
# 5182
(sec)
Fig. 18
Oxide/Hydroxide Thickness vs Exposure Time
Sodium Carbonate Cleaned Sheet, Hydrated with DI Water at 99 C
& 6111
€ = 3004
E
- 5042
& 5182
(sec)
Fig. 19
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Oxide/Hydroxide Thickness vs Exposure Time
Parco 305 Cleaned, Hydrated with Dl Water at 99 C
% 6111
E N 3004
5042
@ 5182
(sec)
Fig. 20
Oxide/Hydroxide Thickness vs Exposure Time
Parco 202 Cleaned Sheet, Hydrated with DI Water at 99 C
¢ 6111
g W 3004
~ . 5042
# 5182
(sec)
Fig. 21
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Oxide/Hydroxide Thickness vs Exposure Time
5182, Carbonate Cieaned, Exposed to Treatment Solutions
Then Hydrated with Dl water at 99 C

¢ Carbonate
& HNO3
Deox 31
» H3PO4
¥ Nova Br/HNO3
= Na2SiO3

(hm)

Fig. 22
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XPS of Treated Surfaces
Elemental Atomic Percent

Oxide
C|IN|O|F |Na|Mg| Al |Si| P | S |Cl|CuMg/AllThickness|

{nm)

Carbonate
47.510.1133.910,210.0] 3.2 [15.0]0.1]0,0]0.0]0.010.0] 0.21 4.5
Cleaned

Nitric Acid}43.2{0.1}34.3]0.1]0.02.816.3/1.1]0.00.1]0.00.0] 0.17 4.5

Deox 31 [47.010.1]25.8]7.6]0.2]1.4]16.6]1.1]0.0]0.2]0.0]0.0] 0.08 3.5

[Phosphoric|
51.7}0.1)28.8{0.010.0| 2.1 |15.21.0| 1.0} 0.1 | 0.00.0] 0.14 45
Acid

Nova
bright 139.3{0.0§33.1]0.1|0.0]3.7 |19.5]1.7]1.1]0.0|0.0{1.5] 0.19 45

dip/HNO3

Sodium
47.410.0131.910.010.2|4.4 |13.0/2.9]0.010.2]0.0]0.0] 0.34 5.0
Silicate

Fig. 23
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Oxide/Hydroxide Thickness vs Exposure Time
5182, Carbonate Cleaned, Exposed to Lab and Humid Atmospheres,
Then Hydrated with Dl water at 99C

# Cleaned
& 100% Huridity
# Lab Exposure

(sec)

Fig. 24

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/045295

WO 2012/015787

20/26

©C O < 0w

00¢E

S'€

OO T O ®
O ot ©wo

Zvos Z81S
fojy
199Ys paieod gsT-Ae(

O T O W

700¢E

(pa1e2.1) Z/7V) 199YS |B12JaWLW0d JUs.In)

0t €LZT
816
€19
S8t
LVT
te9

o< v ®

Z8TS ¥00€
Aoy
198Ys aleg

£°GeT
5001
£vL
9'qv
86T
£°0T

(474005

v oET 0g
[49)} 0c¢
6L ST
tAT o1
9'9¢ S
S8 0]
(815

wu  spuodas
ssawolyl  =2wn diq

1002 p|od wuoun e 3sn asueseadde Bujrowl e 1GIYxa J0u pip sejdwes asay|
plo8=0T '3 4e3|2=0 ‘9|e2s QT-0 & Uo A||ensiA pajesalam sa|dues

“JUBWINJIISU] JOJOD Y3 WO} s1agquinu [nj8uluesiu ulelqo o a|geury

SSaWdIYY G86-Y "sA s8ulied Jojo)

60-IN1-9

Fig. 25

SUBSTITUTE SHEET (RULE 26)



WO 2012/015787 PCT/US2011/045295
21/26

Time thickness thickness avalue avalue
seconds nm nm
5182 5042 5182 5042

0 85 10.7 0.12 0.225
5 25.6 19.8 0.275 0.34
33.49 0.43

10 473 45.6 1.005 0.625
12 59.13 1.29
15 79.1 74.3 1.665 1.745
20 102 100.5 1.72 2.125
30 136.4 135.3 2.285 2.37

Fig. 26
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Jun-09
Oxide / Hydroxide thickness ladder

All samples prepared in the lab are 5042 alloy, cleaned in A685 for 5 seconds @ 140 F
Exterior of panel coated with DAV-138, air dried. Interior coated with DAV-205 & cured in a box
oven to a PMT of 450 F

As the oxide thickness increased the white coating appeared pinker in color,
Upon aging in the lab the pink color begins to fade.

Accelerated HCI pack test ( 208 X 207 Food Cans)

Immersion Oxide Enamel Ratings (milliamps) Blister
Time Thickness Rating
212 F DI Water nm Before HCl After HCI 0-10, 0=Best
5 seconds 30.3 21.6 41.1 2.5
10 seconds 47.5 15.3 51.0 2.5
15 seconds 78.4 39.8 54,2 2.5
20 seconds 106.7 18.1 54.5 2.0
30 seconds 133.1 22.9 59.9 2.0
Flat sheet Testing
Immersion
Time % crosshatch T-Bend
212 F DI Water Adhesion Adhesion
5 seconds 100 Pass T-0
10 seconds 100 Pass T-0
15 seconds 100 Pass T-0
20 seconds 100 Pass T-0
30 seconds 100 Pass T-0

Fig. 28

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/045295

WO 2012/015787

24/26

82

2222

T
Wi
N
N

gzl

¥EL

zst
ot

20S
T
261
et
Pnpoid

X8t

BOCh 110

QoL
0oL
418
58
QOIS 1INy

o6
06
06
ce
uosSUPY LU

{4970y 89°0
g0} £270
850} 850
{4y aralo

AN NIt
lov'o) gs 0
{0y pR'0
810} 1270
urcid

X

asige Bupger O Ul dnsjoid

ERSIA

[EysiREsRite]s g

ou¥e

VN
N

W

i
N
R4

Fgae
{51} vE
re)ga
gyl g

gz gog
oo ZElL
(CPARRNE
Zvi oo
Bl

BPES PO
X0k

e sYg 210589 S

{£0°0) 8%0

wid
N
¥
N

VN

Wi

{iv'1) 661
{10} 2¥'0
eaw L0
{9z'1} yE°L

{6671} 66°%
{geo) 980
{o¥0) L270
{ozm 920

B

BpIs POl
X0l

64313
ool

0oL

o4
001
0ot
0ot

GOy
Q01
oot
GOl

apis
DR

uCISeYPY UOISSLPY  UCISeUPY UoISeUpY

dfit %

6T 311

00t
216]8
o0t
G0k

oot
DOL
oot
oG

Qo3
Cat

5439

0oL
oGt
oot
asy

epis "polid

dit %

oot
40t
0oL

£01
oot
5018
Q0T

oat
001
101418
2:433

e418
ODL
ot
15,673
sSps
oflgndg

&30 %

ool
06k
151638
oot

spis
“poid

A%

SpuS Q| =U SPUT ZOZ PAMBAUOD AN 104 S}NSeY UsISaypy

o o O Q o o T & B ]

Eacl & B w JRL

aps
Syang

da  dapiene

Jayge
usmga

(o e B « S

™

- Y

oo o O

g
0
0
o

apIs
“Podd

sng

QMO TIZY

ZI00 ety
uoAl SRUD 0L DY
Ppaucs Ajuo paueain

SUERATY /A4 Ge6-Y
SEO-H
onued TiEy

SPUS PILISALGD DT
103 Z8Y O T GEL DY

fonios Ajuc pausail
SUHESTY /M 96y
526-H

joRueg gy

SPUD PRUBANCS 20T
I CEL T ITEY IV
[ONUOS AJUQ PoLESDy

‘SUEAY I Sesy
So6H
[CRUCD TITY

SPUB PAISACD 207
0} £GL Y /€01 DY

ORUos AfUC PRUBSH)
aulBR{Y M4 $E6-H
G864

foaues 2129

SPUS PELIBALDS ZHZ
0L OBL 3NV S 991 I

SiGgRLIRA
juBUIEenYd B Sueo) .

SUBSTITUTE SHEET (RULE 26)



PCT/US2011/045295

WO 2012/015787

25/26

¥ Lot sz (oeriest
Pt {20y 1t T AN Yz BoLent
L 0ot {Gel s - {zerig
g {=ye2 A} BLoY zayey
{seq =1}
Buppigy
g o {rsaligszl Gy aes
¥ o¥ fyey) 89 P0L  09%FP) 07201
L o forroy)ysoeer  {98%) L2L
2 O oS yorLl  BE8) 1L
(sog =]} <IRASS =y GN=0 DIS Pald apLE Poid
Bupjuey epis onpold  sdamnnp sdurelnp
stuswog  Bugey 154y TOH TOH vd sE3
e syg

SuBD L=U SuB: umeiq dosq 202 X 80Z 104 SYNSOH UOISOYPY

411
4G
001

003001
o0L0aL
DOLA0L
QD00

qnd § POId 4id [ Poud  gnd Jpoid qud f podd
SOp3 D gEM SIS

UOISOURY  UO[SaLpY

dAh %

0¢ ‘314

oft
G0k
Qol

Q0L/00L
apLAG0E
DOL/O0L
Q01001

dM %6

&zt es 0oL W G fenses QUo pauesio
{z'syar 548 ¥N 0 BUNEAY 24 S96-Y
fapg) 6'9h oD% YN 0 5es-H
£85°0) 5°68 oGL N D IO TIZY
apis epis SUBS IDE X 208
PIpoi whpold MO 10T DTYAR0L 1Y
001586 OOLADOL 0 0 [o.0uos £juo pauEdin
QOLFL  OOLTSE o o SURDITY /M B96-H
O0L/8°65  COLOGE o 0 £86-H
QOLB'66  COLCOL o o foguod gigy
JEIRAR 5751511
BpI 0 emopIS opIs opis
ongnd  PNpold
- pDofssypy  UoreSUpY ySKEE  Usnig suBs L0 X 90T
A o Aagg 2% o SOTAMVODL O
SHyepeA
USUEESIIS g
3 Bupron

SUBSTITUTE SHEET (RULE 26)



WO 2012/015787
26/26

PCT/US2011/045295

M-2000 Thickness {(nm})

R985 Thickness vs. Metal Throughput

50 |
35 1
30
25 N\
. I®®®
20 S ™ N &
LIRS L
10
0 10000 20000 30000 40000 50000 60000

Linear Feet

5042
N 5182

Fig. 31

SUBSTITUTE SHEET (RULE 26)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/045295

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO5D7/00 C23C22/68
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C23C BO5D

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, COMPENDEX

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5 103 550 A (WEFERS KARL [US] ET AL)
14 April 1992 (1992-04-14)

column 2, Tine 50 - column 5, line 61;
claims; example 1

X STRALIN A ET AL: "IMPROVED ADHESION
STRENGTH BETWEEN ALUMINUM AND EHTYLENE
COPOLYMERSBY HYDRATION OF THE ALUMINUM
SURFACE",

JOURNAL OF APPLIED POLYMER SCIENCE, JOHN
WILEY & SONS, INC, US,

vol. 49, no. 3, 15 July 1994 (1994-07-15),
pages 511-521, XP000460832,

ISSN: 0021-8995, DOI:
10.1002/APP.1993.070490315
"Experimental"

"Discussion"figures 1,4

_/__

1-16

1-16

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not

considered to be of particular relevance invention

"E" earlier document but published on or after the international
filing date

which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel. (+31-70) 340-2040,

"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
17 October 2011 27/10/2011
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Mauger, Jeremy

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/045295
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/048539 Al (UCHIDA HIDETOSHI [JP] 13,14
ET AL) 1 March 2007 (2007-03-01)
claims; example 1; table 1
A JP 6 322513 A (MITSUBISHI MATERIALS CORP) 1-16

22 November 1994 (1994-11-22)
abstract; figures

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/045295
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5103550 A 14-04-1992  NONE
US 2007048539 Al 01-03-2007  CN 1924090 A 07-03-2007
JP 4768363 B2 07-09-2011
JP 2007063600 A 15-03-2007
JP 6322513 A 22-11-1994  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

