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COINCIDENT SURFACE MODIFICATIONS AND METHODS OF
PREPARATION THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
[01] This application claims the benefit of U.S. Provisional Application No.
62/691,217, filed on June 28, 2018, which is incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION
[02] The invention provides methods and compositions for modification of surfaces, in
particular for improved heat transfer, and for other applications that utilize one or more
process steps for surface modifications. Applications include corrosion resistance,

painting, surface finishing, and adhesion.

BACKGROUND
[03] Surface modifications are useful and beneficial for a variety of applications.
Conversion layers are useful for altering surface properties and providing a strong
interaction with the substrate. Deposited layers can be used to provide functional
benefits such as improved or altered adhesion, optical, electrical and/or physical
properties. Composite materials, which utilize a combination of conversion layers and
deposited layers, may have beneficial properties from each of the layers and from the
combination of layers. The processing requirement for a composite surface modification
can require multiple steps with rinsing and cleaning operations and excess waste. There
is a need for a simple process for the deposition of a dense conversion layer and a lower
density structural layer. There is also a need for a process which can be used to generate

multiple surface modifications in a single process tank and/or single process step.

BRIEF SUMMARY OF THE INVENTION
[04] In one aspect, surface modifications are provided that comprise or consist of a
conversion layer and a deposited layer on a substrate, wherein the conversion layer is
between the substrate and the deposited layer. For example, the conversion layer may
have a thickness less than about 50, 25, 10, 5, or 2 microns. For example, the deposited

layer may have a thickness less than about 50, 25, 10, or 5 microns.
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[05] In some embodiments, the deposited layer includes a ceramic material. For
example, the ceramic material may include a metal oxide, a metal hydroxide, or a
combination thereof. In some embodiments, the ceramic material includes one or more
of: a transition metal, a rare earth metal, aluminum, silicon, tin, and magnesium. For
example, the ceramic material may include a transition metal such as, but not limited to,
zinc, nickel, iron, cobalt, manganese, chromium, silver, tungsten, titanium, or copper. For
example, the ceramic material may include a rare earth metal such as, but not limited to,
cerium, lanthanum, or gadolinium.

[06] In some embodiments, the deposited layer is nanostructured. Nonlimiting
examples of nanostructured materials which the deposited layer may comprise or consist
of are provided in PCT Application Nos. W0O2018/053452 and W0O2018/053453, which
are incorporated by reference herein. In some embodiments, the structure is composite in
nature, having different properties as a function of distance from the substrate. In some
embodiments, the deposited layer does not include a binder or a resin. In some
embodiments, the deposited layer and/or the conversion layer includes less than 5%
carbon by mass. In some embodiments, the deposited layer and/or the conversion layer is
polycrystalline.

[07] In some embodiments, the substrate includes, but is not limited to, one or more of:
aluminum, an aluminum alloy, iron, an iron alloy, carbon steel, stainless steel, galvanized
steel, copper, a copper alloy, a zinc alloy, titanium, and a titanium alloy. In some
embodiments, the substrate includes one or more alloy, such as an aluminum alloy or an
iron alloy.

[08] In some embodiments, the conversion layer includes a ceramic material. For
example, the ceramic material may include a metal oxide, a metal hydroxide, or a
combination thereof. In some embodiments, the ceramic material includes one or more
of: a transition metal, a rare earth metal, aluminum, silicon, tin, magnesium, and cerium.
For example, the ceramic material may include a transition metal such as, but not limited
to, zinc, nickel, iron, cobalt, manganese, chromium, silver, tungsten, titanium, or copper.
For example, the ceramic material may include a rare earth metal such as, but not limited
to, cerium, lanthanum, or gadolinium.

[09] In some embodiments, the conversion layer and the deposited layer include one or
more common metal, such as, but not limited to, aluminum and/or magnesium. In some

embodiments, the surface modification includes additional functionalization of the surface
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for a desired application of use. For example, functionalization may impart one or more
desirable functional properties, such as, but not limited to, wettability modulation, color,
or a primer functionality.

[10] In some embodiments, a metal composition gradient is generated across the
boundary between a dense conversion layer and a less dense deposited layer, which may
provide beneficial properties, such as adhesion and stress relieving properties. In other
embodiments, the metal composition gradient may provide beneficial properties such as
electrical conductivity or ionic conductivity properties.

[11] In some embodiments, the substrate material is included as part of the conversion
layer or the deposited layer.

[12] In some embodiments, the conversion layer and/or the deposited layer includes a
dopant (e.g., a small amount of a metal), which may be included to alter one or more
property of interest of the conversion layer and/or the deposited layer, for example,
electrical conductivity or an optical property such as color.

[13] In another aspect, processes are provided to modify a surface, wherein a substrate
is modified with (a) a conversion step to add a conversion layer; and (b) a deposition step
to add a deposited layer over the conversion layer, wherein steps (a) and (b) occur in the
same processing medium, e.g., an aqueous solution that contains at least one metal salt
and at least one organic substance, without any intermediate processing (including, but
not limited to, rinsing, drying, or heating) between the conversion and deposition steps.
In some embodiments, the conversion step and the deposition step occur in the same
processing vessel. In some embodiments, the conversion step and the deposition step
utilize the same process fluid, e.g., an aqueous solution that includes at least one metal
salt and at least one organic substance (for example, but not limited to, hexamine, urea,
triethylamine, and/or diamine). In some embodiments, the conversion step and the
deposition step occur concurrently. In some embodiments, the process includes (c) a heat
treatment step, after the conversion layer and the deposited layer have been deposited onto
the substrate. In some embodiments, a dopant is included in the process fluid in which
the conversion step and the deposition step take place.

[14] In another aspect, heat exchangers are provided that include a modification of at
least one surface with any of the surface modifications described herein, e.g., a conversion
layer and a deposited layer on a substrate, wherein the converted layer is between the

substrate and the deposited layer, wherein the conversion layer, deposited layer, and
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substrate include any of the compositions and/or properties described herein, and/or
wherein the surface modification is prepared by any of the processes described herein.
[15] In another aspect, semiconductors are provided that include a modification of at
least one surface with any of the surface modifications described herein, e.g., a conversion
layer and a deposited layer on a substrate, wherein the converted layer is between the
substrate and the deposited layer, wherein the conversion layer, deposited layer, and
substrate include any of the compositions and/or properties described herein, and/or
wherein the surface modification is prepared by any of the processes described herein. In
some embodiments, a semiconductor processing sequence is provided, wherein the
surface modifications described above are used to generate other semiconductor materials
of interest. For example, the semiconductor materials may be exposed to an acid solution
to remove at least a portion of the deposited layer, resulting in a semiconductor with

desired properties.

BRIEF DESCRIPTION OF THE DRAWINGS
[16] Figure 1A shows a typical process in which a conversion coating is applied to a
clean substrate, followed by an intermediate processing step such as rinsing, drying,
and/or heating. A deposition process such as a barrier coating or paint is then applied to
the converted surface, followed by a post processing step such as rinsing, drying, or
heating.
[17] Figure 1B shows the disclosed process by which a clean substrate can
concurrently be modified with a conversion and deposition process, without the need for
an intermediate processing step. An optional post processing step such as rinsing, drying,
or heating can then be implemented as necessary.
[18] Figure 2A shows a cross sectional scanning electron microscope (SEM) image of a
structured generated from the coincident process outlined in Example 2. Stabilization
materials were added as shown in the figure during the examination process for image
clarity. Figures 2B, 2C, and 2D show energy-dispersive spectroscopy (EDS) elemental
maps of oxygen, magnesium, and aluminum, respectively. The dashed white lines indicate
the transitions of the substrate (bottom), conversion layer (in the middle), and deposited
layer (on the top)
[19] Figure 3 is an energy-dispersive X-ray spectroscopy (EDX) line scan showing the

compositional changes across the coincident deposit structure described in Example 2. The
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aluminum substrate is shown on the right side of the scan (lower section of SEM). The
outer layer shows a Mg rich layer. The central conversion layer section shows a primarily
AlOx layer. Also clearly seen are the diffusion and gradient layers that comprise this
design.

[20] Figure 4 shows a cross-sectional image of a surface as prepared by ion milling
and cross-sectional scanning electron microscopy. The top layer is primarily MgO deposit
layer containing Al. The conversion (middle) layer is primarily aluminum oxide with

some magnesium. The bottom layer is the aluminum substrate.

DETAILED DESCRIPTION
[21] Methods are provided for utilization of a single processing step to modify surfaces
through the generation of a conversion layer and a deposited layer. The deposited layer
may have a specific morphology. Surprisingly, it was observed that a single processing

step resulted in the formation of a conversion layer and a deposited layer.

Definitions
[22] Numeric ranges provided herein are inclusive of the numbers defining the range.
[23] “A,” “an” and “the” include plural references unless the context clearly dictates,

6,99 Gk
a

thus the indefinite articles , “an,”, and “the” as used herein in the specification and in

the claims, unless clearly indicated to the contrary, should be understood to mean “at least
one.”

[24] The phrase “and/or,” as used herein in the specification and in the claims, should
be understood to mean “either or both” of the elements so conjoined, i.e., elements that
are conjunctively present in some cases and disjunctively present in other cases. Other
elements may optionally be present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those elements specifically identified
unless clearly indicated to the contrary. Thus, as a non-limiting example, a reference to
“A and/or B,” when used in conjunction with open-ended language such as “comprising”
can refer, in one embodiment, to A without B (optionally including elements other than
B); in another embodiment, to B without A (optionally including elements other than A);
in yet another embodiment, to both A and B (optionally including other elements); etc.

[25] The term “about” as used herein when referring to a measurable value such as an

amount, a temporal duration, and the like, is meant to encompass variations of +20%,
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+10%, +5%, +1%, or £0.1% from the specified value, as such variations are appropriate
to perform the disclosed methods.

[26] The term “conversion layer” refers herein to a layer that comprises a portion of the
initial substrate.

[27] The term “deposited layer” refers herein to a layer on a substrate that is added onto
the top of the substrate such as a paint or coating. It is additive in nature. .

[28] The term “gradients” refers herein to compositional changes across and adjacent to
the primary layer interfaces (e.g., interface between substrate and conversion layer;
interface between conversion layer and deposited layer).

[29] The term “calcine” refers herein to the process of heating to high temperatures in
air or oxygen. Heating in other controlled atmospheres (e.g., nitrogen) or vacuum are
often also considered as calcining.

[30] The term “dopant” refers herein to the inclusion of an additional element
introduced into the conversion or deposited layer to affect the electrical, optical, or lattice
stress handling properties. Typically a low amount of the dopant material can have a
large impact.

[31] A “nanostructured” coating refers to a coating composition that has a feature in at
least one dimension that is less than 100 nanometers.

[32] The term “polycrystalline” refers herein to solids that are composed of many

crystallites of varying size, density, and orientation.

Processing methods

[33] Processing methods for preparing a modified surface are provided herein. In some
embodiments, a substrate, e.g., a cleaned substrate, is submerged in an aqueous solution
that includes at least one metal, e.g., transition metal, salt and at least organic substance
that forms a metal-organic complex. In some embodiments, the metal may include, but is
not limited to, a transition metal (such as, but not limited to, zinc, nickel, iron, cobalt,
manganese, chromium, silver, tungsten, titanium, and copper), a rare earth metal (such as,
but not limited to, cerium, lanthanum, or gadolinium), aluminum, silicon, tin, and/or
magnesium. In some embodiments, the organic substance may include, but is not limited
to, hexamethylene tetramine (HMTA; hexamine), urea, triethylamine, and/or

diethylamine. In some embodiments, the substrate may include, but is not limited to,
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aluminum, an aluminum alloy, iron, an iron alloy, carbon steel, stainless steel, galvanized
steel, copper, a copper alloy, a zinc alloy, titanium, and/or a titanium alloy.

[34] In some embodiments, concentrations of reactants (e.g., metal salt, organic
substance) range from about 10 mM to about 1 M. For example, reactant concentration
may be any of about 10 mM, 25 mM, 50 mM, 75 mM, 100 mM, 125 mM, 150 mM, 175
mM, 200 mM, 225 mM, 250 mM, 275 mM, 300 mM, 325 mM, 350 mM, 375 mM, 400
mM, 425 mM, 450 mM, 475 mM, 500 mM, 525 mM, 550 mM, 575 mM, 600 mM, 625
mM, 650 mM, 675 mM, 700 mM, 725 mM, 750 mM, 775 mM, 800 mM, 825 mM, 850
mM, 875 mM, 900 mM, 925 mM, 950 mM, 975 mM, or 1 M, or any of about 10 mM to
about 100 mM, about 50 mM to about 150 mM, about 100 mM to about 200 mM, about
150 mM to about 250 mM, about 200 mM to about 300 mM, about 250 mM to about 350
mM, about 300 mM to about 400 mM, about 350 mM to about 450 mM, about 400 mM
to about 500 mM, about 450 mM to about 550 mM, about 500 mM to about 600 mM,
about 550 mM to about 650 mM, about 600 mM to about 700 mM, about 650 mM to
about 750 mM, about 700 mM to about 800 mM, about 750 mM to about 850 mM, about
800 mM to about 900 mM, about 850 mM to about 950 mM, about 900 mM to about 1M,
about 10 mM to about 250 mM about 100 mM to about 500 mM, about 250 mM to about
750 mM, or about 500 mM to about 1M.

[35] In some embodiments, submersion time ranges from about 5 minutes to about 12
hours, depending on the desired deposit thickness. For example, submersion time may be
any of about 5 min, 10 min, 30 min, 60 min, 1 hr, 1.5 hr, 2 hr, 2.5 hr, 3 hr, 3.5 hr, 4 hr, 4.5
hr, 5 hr, 5.5 hr, 6 hr, 6.5 hr, 7 hr, 7.5 hr, 8 hr, 8.5 hr, 9 hr, 9.5 hr, 10 hr, 10.5 hr, 11 hr, 11.5
hr, or 12 hr, or any of about 5 min to about 30 min, about 10 min to about 60 min, about
30 min to about 60 min, about 30 min to about 1.5 hr, about 1 hr to about 2 hr, about 1.5
hr to about 2.5 hr, about 2 hr to about 3 hr, about 2.5 hr to about 3.5 hr, about 3 hr to
about 4 hr, about 3.5 hr to about 4.5 hr, about 4 hr to about 5 hr, about 4.5 hr to about 5.5
hr, about 5 hr to about 6 hr, about 5.5 hr to about 6.5 hr, about 6 hr to about 7 hr, about
6.5 hr to about 7.5 hr, about 7 hr to about 8 hr, about 7.5 hr to about 8.5 hr, about 8 hr to
about 9 hr, about 8.5 hr to about 9.5 hr, about 9 hr to about 10 hr, about 9.5 hr to about
10.5 hr, about 10 hr to about 11 hr, about 10.5 hr to about 11.5 hr, about 11 hr to about 12
hr, about 5 min to about 30 min, about 10 min to about 1 hr, about 1 hr to about 3 hr,
about 2 hr to about 5 hr, about 1 hr to about 5 hr, about 2 hr to about 10 hr, about 5 hr to
about 10 hr, about 5 hr to about 12 hr, about 7 to about 9 hr, or about 8 hr to about 12 hr.
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[36] In some embodiments, the temperature during submersion of the substrate in the
aqueous solution is about 50 °C to about 90 °C. For example, the temperature may be any
of about 50 °C, 55 °C, 60 °C, 65 °C, 70 °C, 75 °C, 80 °C, 85 °C, or 90 °C, or any of about
50 °C to about 60°C, about 55 °C to about 65 °C, about 60 °C to about 70 °C, about 65
°C to about 75 °C, about 70 °C to about 80 °C, about 75 °C to about 85 °C, about 80 °C
to about 90 °C, about 50 °C to about 70 °C, about 60 °C to about 80 °C, about 70 °C to
about 90 °C, about 50 °C to about 75 °C, about 75 °C to about 90 °C, about 50 °C to
about 80 °C, about 60 °C to about 90 °C, or about 50 °C to about 80 °C.

[37] The substrate may then be removed from the solution, rinsed, and dried, e.g., air
dried.

[38] In some embodiments, the coated substrate is then calcined, for example, at a
temperature ranging from 200 °C to 600 °C, for a duration ranging from 5 minutes to 48
hours. For example, the temperature may be any of about 200 °C, 250 °C, 300 °C, 350
°C, 400 °C, 450 °C, 500 °C, 550 °C, or 600 °C, or any of about 200 °C to about 300 °C,
about 250 °C to about 350 °C, about 300 °C to about 400 °C, about 350 °C to about 450
°C, about 400 °C to about 500 °C, about 450 °C to about 550 °C, about 500 °C to about
600 °C, about 200 °C to about 400 °C, about 300 °C to about 500 °C, about 400 °C to
about 600 °C, about 200 °C to about 500 °C, or about 300 °C to about 600 °C. For
example, the duration may be any of about 5 min to about 5 min, 10 min, 30 min, 60 min,
1 hr, 2 hr, 5 hr, 10 hr 15 hr, 20 hr, 25 hr, 30 hr, 35 hr, 40 hr, 45 hr, or 48 hr, or any of
about 5 min to about 30 min, about 10 min to about 60 min, about 30 min to about 60
min, about 30 min to about 1.5 hr, about 1 hr to about 5 hr, about 3 hr to about 10 hr,
about 5 hr to about 15 hr, about 10 hr to about 20 hr, about 15 hr to about 25 hr, about 20
hr to about 30 hr, about 35 hr to about 45 hr, about 40 hr to about 48 hr, about 1 hr to
about 10 hr, about 5 hr to about 25 hr, about 10 hr to about 30 hr, about 15 hr to about 30
hr, about 20 hr to about 35 hr, about 30 hr to about 40 hr, or about 35 hr to about 48 hr.
[39] The resulting material is a composite of a conversion layer and a deposit layer
with a particularly useful morphology. In some embodiments, the resulting material
includes a nanostructured morphology.

[40] In some embodiments, the conversion layer and/or the deposited layer includes a
dopant. A dopant, e.g., a metal in a smaller concentration than the metal that is the major
contributor to the composition of the conversion layer and/or the deposited layer, may be

included in the aqueous solution that contains a metal salt and an organic substance, as
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described above, or the substrate may participate in the reaction and contribute a dopant
into the conversion layer and/or the deposited layer. For example, a dopant may include,
but is not limited to, cerium, lanthanum, gadolinium, zinc, nickel, iron, cobalt,
manganese, chromium, silver, tungsten, titanium, or copper. A dopant may provide
desirable electrical, optical, and/or stress handling properties to the surface modification.
Such doped surface modification materials may be useful in applications of use such as
semiconductors or electrodes, or for lattice stress relief. In some embodiments, a dopant
imparts bandgaps for conductivity, optical properties such as coloring, or stretch or pull in
lattice spacing such that less stress is carried across the interface between the substrate
and the conversion layer or between the conversion layer and the deposited layer.

[41] The coincident processing methods described herein are designed to make use of
the reactivity of the substrate with the metal-organic complex forming solution to generate
a composite structure that comprises or consists of an inner conversion layer and an outer
deposit layer. The times, temperatures, pH, solution compositions and resulting heat
treatment steps all impact the characteristics of the resulting composite structure.

[42] Several processing examples are provided herein. What is exemplified is that the
resulting structure is generated during the initial coincident processing stage with the
metal-organic complex is present. In cases where the metal-organic complex is present in
insufficient quantity, no deposited layer (>1pum, e.g., up to about 20 mm) is generated.
[43] These results are demonstrated via analysis with an Energy-Dispersive X-ray
spectroscopy (EDX) line scan across the resulting materials. These scans show the
compositional changes across the coincident deposit structure, as described in Example 2
and Fig.3. The aluminum substrate is shown on the right side of the scan (lower section
of SEM). A central conversion layer section shows a primarily AlOx layer, but the
general compositions of the conversion layer will be defined by the substrate and substrate
reactivity with the processing solution characteristics. The outer layer shows a Mg rich
layer, also defined by the processing solution. Clearly, different substrates, process
conditions and solution compositions can be used to affect the composition of the
conversion and outer layer.

[44] Another distinct advantage of the coincident approach is the generation of
gradients between the substrate and the conversion layer, as well as between the
conversion and deposited layers. These gradients minimize interfacial stresses such as

thermal expansion mismatch stresses. These gradients may also contribute to optical or
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electrical properties of the resulting film, such as, for example, electrical conductivity,
ionic conductivity, or thermal conductivity.

[45] The following examples are intended to illustrate, but not limit, the invention.

EXAMPLES
Example 1

[46] A cleaned substrate is submerged in an aqueous solution that includes at least one
transition metal salt and an organic component that forms a metal-organic complex.
Concentrations of reactants range from about 10 mM to about 1 M, and submersion time
ranges from about 5 minutes to about 12 hours, depending on the desired deposit
thickness. The resulting material is a composite of a conversion layer and a deposit layer
with a particularly useful morphology. The resulting layers are ceramic.
[47] For example, an aluminum substrate was submerged in a solution with zinc
nitrate as the transition metal salt at a concentration of 50 mM and hexamine at a
concentration of 25 mM to 50 mM and a temperature of 90 °C, for duration of 2 hours.
The substrate was then removed from the solution, rinsed, and air dried. The coated
substrate was then calcined at a temperature ranging from 200 °C to 600 °C, for a
duration ranging from 5 minutes to 48 hours. For example, the coating was calcined at a
temperature of 550°C for a duration of 24 hours. This resulted in a conversion layer on the
surface that contains zinc and a concurrent deposit of zinc oxide that contains aluminum.
[48] Optionally, the surface was then submerged in a dilute acid solution at pH 1 to 4
for a duration ranging from 1 minute to 24 hours. For example, the substrate was
submerged in an acid solution at pH 3 for 24 hours.
[49] The optional process outlined above results in a material which includes the

exposure of at least a portion of the conversion layer.

Example 2

[50] An aluminum panel material was cleaned to remove native oxide and surface
roughness using a standard caustic etch and acid deoxidation precleaning procedure.
[51]  The aluminum substrate was submerged in an aqueous solution with primarily
magnesium nitrate as the metal salt and hexamine as the complexing agent each at a
concentration of approximately 50-100 mM, and a temperature of 70-85 °C, for duration

of 90 minutes. The substrate was restrained and the solution circulated. The substrate was
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then removed from the solution, rinsed, and air dried. The coated substrate was then
calcined at a temperature of 400°C for a duration of 1 hour.

[52] The resulting structure was analyzed by a focused ion beam (FIB) / SEM
technique resulting in the observation of a compact layer 1-5 pim in thickness adjacent to
the substrate and a total layer thickness of 5-10 um. The interface with the aluminum
substrate was readily observable.

[53] The FIB/SEM analysis showed three distinct layers — 1) a deposit outer layer
primarily including MgO with some aluminum; ii) a conversion layer primarily including
aluminum oxide with some magnesium; and iii) the aluminum substrate.

[54] Figs. 2A-2D shows the scanning electron micrograph as well as energy dispersive
X-ray spectroscopy (EDS) elemental maps of oxygen, magnesium, and aluminum of the
resulting structure. Fig. 3 shows an EDS line scan across the depth of the of the substrate,
indicating that between the deposit and conversion layer and the conversion layer and the

substrate, there is a gradient

Example 3

[55] An aluminum panel material was cleaned to remove native oxide and surface
roughness using a standard caustic etch and acid deoxidation.

[56] The aluminum substrate was submerged in an aqueous solution with primarily
magnesium nitrate as the metal salt and hexamine as the complexing agent each at a
concentration of approximately 50-100 mM, and a temperature of 70-85 °C, for duration
of 15 minutes. The substrate was restrained and the solution circulated. The substrate was
then removed from the solution, rinsed, and air dried. The coated substrate was then
calcined at a temperature of 400°C for a duration of 1 hour.

[57] The substrate is then re-immersed into the solution for an additional 90 minutes,
then removed from the solution, rinsed, and air dried. The coated substrate was then re-
calcined at a temperature of 400°C for a duration of 1 hour.

[58] The resulting structure was analyzed by a focused ion beam/scanning electron
microscopy (FIB / SEM) technique resulting in the observation of a compact layer 1-7 pm
in thickness adjacent to the substrate and a total layer thickness of 5-10 um. The interface

with the aluminum substrate was readily observable. The results are shown in Fig. 4.
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Example 4

[59] An aluminum panel material was cleaned to remove native oxide and surface
roughness using a standard caustic etch and acid deoxidation. The cleaned substrate was
initially submerged in an aqueous solution that included primarily magnesium nitrate,
manganese nitrate, or cerium nitrate as the metal salt, with no complexing agent (organic
material) present, at a concentration of approximately 50-100 mM, and a temperature of
70-85 °C, for duration of 15 minutes at an acidic pH of 3-4. The substrate was restrained
and the solution circulated. The substrate was then removed from the solution, rinsed, and
air dried. The coated substrate was then calcined at a temperature of 400°C for a duration
of 1 hour.

[60] The resulting structure did not contain any observable deposited layer thickness.

Example S

[61] A series of aluminum panels was cleaned to remove native oxide and surface
roughness using a standard caustic etch and acid deoxidation.

[62]  Each of the aluminum substrates was submerged in an aqueous solution
containing primarily manganese nitrate, nickel sulfate, cerium nitrate, or cobalt nitrate,
respectively, as the metal salt and hexamine as the complexing agent, each at a
concentration of approximately 25-100 mM, and pH controlled to ensure solubility for
each metal using acid or base, and a temperature of 70-85 °C, for duration of 30-120
minutes. In each case, the substrate was restrained and the solution circulated. Each
substrate was then removed from the solution, rinsed, and air dried. The coated substrate
was then calcined at a temperature of 400°C for a duration of 1 hour.

[63] The resulting structure was analyzed by visual observation and optical microscopy
to estimate the layer thickness resulting in the observation of a total layer thickness of 5-

10 wm.

[64] Although the foregoing invention has been described in some detail by way of
illustration and examples for purposes of clarity of understanding, it will be apparent to
those skilled in the art that certain changes and modifications may be practiced without
departing from the spirit and scope of the invention, which is delineated in the appended
claims. Therefore, the description should not be construed as limiting the scope of the

invention.
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CLAIMS

We claim:
1. A surface modification that consists of a conversion layer and a deposited layer on
a substrate, wherein the conversion layer is situated between the substrate and the

deposited layer.

2. The surface modification according to claim 1, wherein the conversion layer

comprises a thickness less than about 10 microns.

3. The surface modification according to claim 1, wherein the conversion layer

comprises a thickness less than about 5 microns.

4. The surface modification according to claim 1, wherein the conversion layer

comprises a thickness less than about 2 microns.

5. The surface modification according to claim 1, wherein the deposited layer

comprises a thickness less than 50 microns

6. The surface modification according to claims 1, wherein the deposited layer

comprises thickness less than 25 microns.

7. The surface modification according to claims 1, wherein the deposited layer

comprises a thickness less than 10 microns.

8. The surface modification according to claim 1, wherein the deposited layer

comprises a thickness less than 5 microns.

9. The surface modification according to claim 1, wherein the deposited layer

comprises a ceramic material

10. The surface modification according to claim 9, wherein the ceramic material

comprises a metal oxide, a metal hydroxide, or a combination thereof

11. The surface modification according to claim 10, wherein the ceramic material
comprises one or more of a transition metal, a rare earth metal, aluminum, silicon, tin, and

magnesium.

13
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12. The surface modification material according to claim 11, wherein the ceramic
material comprises a transition metal selected from zinc, nickel, iron, cobalt, manganese,

chromium, silver, tungsten, titanium, and copper.

13. The surface modification material according to claim 11, wherein the ceramic

material comprises a rare earth metal selected from cerium, lanthanum, and gadolinium.

14. The surface modification according to claim 1, wherein the deposited layer is
nanostructured.
15. The surface modification according to claim 1, wherein the deposited layer does

not comprise a binder or a resin.

16. The surface modification according to claim 1, wherein the deposited layer

comprises less than about 5% carbon by mass.

17. The surface modification according to claim 1, wherein the deposited layer is
polycrystalline.
18. The surface modification according to claims 1, wherein the substrate comprises

one or more of aluminum, an aluminum alloy, iron, iron alloy, carbon steel, stainless

steel, galvanized steel, copper, a copper alloy, a zinc alloy, titanium, a titanium alloy.

19. The surface modification according to claim 14 wherein the substrate comprises

an aluminum alloy and/or an alloy of iron.

20. The surface modification according to claim 19, wherein the substrate comprises

one or more aluminum alloy.

21. The surface modification according to claims , wherein the conversion layer

comprises a ceramic material

22. The surface modification according to claim 21, wherein the ceramic material

comprises a metal oxide, a metal hydroxide, or a combination thereof

23. The surface modification according to claim 22, wherein the ceramic material
comprises one or more of a transition metal, a rare earth metal, aluminum, silicon, tin, and

magnesium.
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24. The surface modification material according to claim 23, wherein the ceramic
material comprises a transition metal selected from zinc, nickel, iron, cobalt, manganese,

chromium, silver, tungsten, titanium, and copper.

25. The surface modification material according to claim 23, wherein the ceramic

material comprises a rare earth metal selected from cerium, lanthanum, and gadolinium.

26. The surface modification according to claim 1, wherein the conversion layer and

the deposited layer comprise one or more metal in common.

27. The surface modification according to claim 1, wherein the surface modification
comprises additional surface functionalization that provides one or more additional

functional properties.

28. The surface modification according to claim 27, wherein the one or more
additional functional properties are selected from wettability modulation, color, and a

primer surface.

29. The surface modification according to claim 1, wherein the substrate comprises a

metal that is also comprised in the conversion layer and/or in the deposited layer.

30. The surface modification according to claim 1, wherein the surface modification

further comprises gradients between the conversion layer the deposited layer.

31. A heat exchanger comprising a surface modification according to any of claims 1-

30 on at least one surface.

32. A process to modify a surface, said process comprising: (a) a conversion step to
deposit a conversion layer on said surface; and (b) a deposition step to deposit a deposited
layer on said conversion layer, wherein the process does not comprise any intermediate

processing between (a) and (b).

33. The process according to claim 32, wherein said process does not comprise

rinsing, drying, and/or heating between (a) and (b).

34. The process according to claim 32, wherein steps (a) and (b) occur in the same

processing vessel.
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35. The process according to any of claims 32-34, wherein steps (a) and (b) occur

utilizing the same process fluid.

36. The process according to claim 35, wherein the process fluid is an aqueous

solution that comprises at least one metal salt and at least one organic substance.

37. The process according to claim 36, wherein the organic substance is selected from

hexamine, urea, triethylamine, and/or diethylamine.

38. A process according to claim 35, wherein the conversion step and deposition step

occur concurrently.

39. The surface modification according to any of claims 1-30, wherein the substrate

comprises a metal that is also comprised as a dopant in the deposited layer.

40. A semiconductor surface comprising a surface modification according to any of

claims 1-30 and 39.

41. A process making a semiconductor surface, said process comprising modifying a
semiconductor surface according to claim 40 by removing all or a portion of the deposited

layer to expose all or a portion, respectively, of the conversion layer.

42. The process according to claim 41, comprising exposing said semiconductor

surface to an acid solution to remove said all or a portion of the deposited layer.
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