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ABSTRACT

An electroless or electrolytic process for treating metallic
surfaces is disclosed. The disclosed process exposes the
metallic surface to a first medium comprising at least one
silicate, and then to a second medium comprising colloidal
silica (additional processing steps can be employed before,
between and after exposure to the first and second medi-
ums). The first and second mediums can be electrolytic or
electroless.
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METHOD FOR TREATING METALLIC SURFACES
AND PRODUCTS FORMED THEREBY

[0001] This application is a continuation in part of appli-
cation Ser. No. 10/359,402, filed on Feb. 05, 2003, which
claims the benefit under 35 U.S.C. 119(e) of U.S. Patent
Application Serial No. 60/354,565, filed Feb. 05, 2002 and
entitled “Method For Treating Metallic Surfaces™; the dis-
closure of these applications is hereby incorporated by
reference.

FIELD OF THE INVENTION

[0002] The field of the invention relates to using silicate
and colloidal silica containing mediums for treating metallic
surfaces.

BACKGROUND OF THE INVENTION

[0003] Silicates have been used in electrocleaning opera-
tions to clean steel, tin, among other surfaces. Electroclean-
ing is typically employed as a cleaning step prior to an
electroplating operation. Usage of silicates as cleaners is
described in “Silicates As Cleaners In The Production of
Tinplate” is described by L. J. Brown in February 1966
edition of Plating; European Patent No. 00536832/EP B1
(Metallgesellschaft A G); U.S. Pat. Nos. 5,902,415, 5,352,
296 and 4,492,616. Processes for electrolytically forming a
protective layer or film by using an anodic method are
disclosed by U.S. Pat. No. 3,658,662 (Casson, Jr. et al.), and
United Kingdom Patent No. 498,485.

[0004] U.S. Pat. No. 5,352,342 to Riffe, which issued on
Oct. 4, 1994 and is entitled “Method And Apparatus For
Preventing Corrosion Of Metal Structures” that describes
using electromotive forces upon a zinc solvent containing
paint; hereby incorporated by reference. U.S. Pat. Nos.
5,700,523, and 5,451,431, and German Patent No. 93115628
describes a processes for using alkaline metasilicates to treat
metallic surfaces.

[0005] There is a need in this art for an environmentally
benign metal treatment (i.e., substantially chromate free)
that imparts corrosion resistance to metallic surfaces. The
disclosure of the previously identified patents and publica-
tions is hereby incorporated by reference.

SUMMARY OF THE INVENTION

[0006] The instant invention solves problems associated
with conventional practices by providing an electroless or
electrolytic process for treating metallic surfaces. The pro-
cess exposes the metallic surface to a first medium com-
prising at least one silicate, and then to a second medium
comprising colloidal silica (additional processing steps can
be employed before, between and after exposure to the first
and second mediums). The first and second mediums can be
electrolytic or electroless. Normally, the first medium com-
prises an electrolytic environment whereas the second
medium comprises an electroless environment.

[0007] By “electroless” it is meant that no current is
applied from an external source (a current may be generated
in-situ due to an interaction between the metallic surface and
at least one medium). By “electrolytic” or “electrodeposi-
tion” or “electrically enhanced”, it is meant to refer to an
environment created by introducing or passing an electrical
current through a silicate containing medium while in con-
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tact with an electrically conductive substrate (or having an
electrically conductive surface) and wherein the substrate
functions as the cathode. By “metal containing”, “metal”, or
“metallic”, it is meant to refer to sheets, shaped articles,
fibers, rods, particles, continuous lengths such as coil and
wire, metallized surfaces, among other configurations that
are based upon at least one metal and alloys including a
metal having a naturally occurring, or chemically, mechani-
cally or thermally modified surface. Typically a naturally
occurring surface upon a metal will comprise a thin film or
layer comprising at least one oxide, hydroxides, carbonates,
sulfates, chlorides, among others. The naturally occurring
surface can be removed or modified by using the inventive
process. The metal containing surface refers to a metal
article or body as well as a non-metallic member having an
adhered metal or conductive layer. While any suitable sur-
face can be treated by the inventive process, examples of
suitable metal surfaces comprise at least one member
selected from the group consisting of galvanized surfaces,
sheradized surfaces (e.g, mechanically plated), zinc, iron,
steel, brass, copper, nickel, tin, aluminum, lead, cadmium,
magnesium, silver, barium, beryllium, calcium, strontium,
cadmium, titanium, zirconium, manganese, cobalt, alloys
thereof such as zinc-nickel alloys, tin-zinc alloys, zinc-
cobalt alloys, zinc-iron alloys, among others. If desired, the
inventive process can be employed to treat a non-conductive
substrate having at least one surface coated with a metal,
e.g., a metallized polymeric article or sheet, ceramic mate-
rials coated or encapsulated within a metal, among others.
Examples of metallized polymer comprise at least one
member selected from the group of polycarbonate, acryloni-
trile butadiene styrene (ABS), rubber, silicone, phenolic,
nylon, PVC, polyimide, melamine, polyethylene,
polyproplyene,  acrylic, fluorocarbon, polysulfone,
polyphenyene, polyacetate, polystyrene, epoxy, among oth-
ers. Conductive surfaces can also include carbon or graphite
as well as conductive polymers (polyaniline for example).

[0008] The first medium of the inventive process can form
silicate containing film or layer. The silicate containing film
or layer can comprise a region comprising a monosilicate
(e.g., zinc monosilicate) with a disilicate film upon the
monosilicate region. The second medium of the inventive
process can form a silica containing film or layer. The silica
containing film or layer can comprise a region comprising
monomeric silica or silica oligomers with a colloidal silica
film upon the monomeric silica region.

[0009] A metallic surface that is treated by the inventive
process can possess improved corrosion resistance,
increased electrical resistance, heat resistance (including to
molten metals), flexibility, resistance to stress crack corro-
sion, adhesion to sealer, paints and topcoats, among other
properties. The improved heat resistance broadens the range
of processes that can be performed subsequent to forming
the inventive layer, e.g., heat cured topcoatings, stamping/
shaping, riveting, among other processes. The corrosion
resistance can be improved by adding a dopant to the silicate
medium, using a rinse and/or applying at least one sealer/
topcoating.

[0010] The inventive process is a marked improvement
over conventional methods by obviating the need for sol-
vents or solvent containing systems to form a corrosion
resistant layer, e.g., a mineral layer. In contrast, to conven-
tional methods the inventive process can be substantially
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solvent free. By “substantially solvent free” it is meant that
less than about 5 wt. %, and normally less than about 1 wt.
% volatile organic compounds (V.0.C.s) are present in the
electrolytic environment.

[0011] The inventive process is also a marked improve-
ment over conventional methods by reducing, if not elimi-
nating, chromate and/or phosphate containing compounds
(and issues attendant with using these compounds such as
waste disposal, worker exposure, among other undesirable
environmental impacts). While the inventive process can be
employed to enhance chromated or phosphated surfaces, the
inventive process can replace these surfaces with a more
environmentally desirable surface. The inventive process,
therefore, can be “substantially chromate free” and “sub-
stantially phosphate free” and in turn produce articles that
are also substantially chromate (hexavalent and trivalent)
free and substantially phosphate free. The inventive process
can also be substantially free of heavy metals such as
chromium, lead, cadmium, barium, among others. By sub-
stantially chromate free, substantially phosphate free and
substantially heavy metal free it is meant that less than 5 wt.
% and normally about O wt. % chromates, phosphates and/or
heavy metals are present in a process for producing an article
or the resultant article.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an SEM photomicrograph of a surface
treated in accordance with Example.

[0013] FIG. 2 is a comparative SEM photomicrograph of
the surface illustrated in FIG. 1 that was exposed to a second
medium comprising colloidal silica.

CROSS-REFERENCE TO RELATED PATENTS
AND PATENT APPLICATIONS

[0014] The subject matter disclosed herein is related to
U.S. patent application Ser. No. 09/814,641, filed on Mar.
22, 2001, and entitled “An Energy Enhanced Process For
Treating A Conductive Surface And Products Formed
Thereby”; Ser. No. 10/211,051, filed on Aug. 02, 2002, and
entitled “An Electroless Process For Treating Metallic Sur-
faces And Products Formed Thereby”; Ser. No. 10/211,094,
filed on Aug. 02, 2002 and entitled “An Energy Enhanced
Process For Treating A Conductive Surface And Products
Formed Thereby” and Ser. No. 10/211,029, filed on Aug. 02,
2002, and entitled “An Electrolytic and Electroless Process
For Treating Metallic Surfaces And Products Formed
Thereby”; the disclosure of each of the foregoing is hereby
incorporated by reference.

DETAILED DESCRIPTION

[0015] The instant invention solves problems associated
with conventional practices by providing an electroless or
electrolytic process for treating metallic surfaces. The metal
surface can possess a wide range of sizes and configurations,
e.g., fibers, coils, sheets including perforated acoustic pan-
els, chopped wires, drawn wires or wire strand/rope, rods,
couplers (e.g., hydraulic hose couplings), fibers, particles,
fasteners (including industrial and residential hardware),
brackets, nuts, bolts, rivets, washers, cooling fins, stamped
articles, powdered metal articles, among others. The limiting
characteristic of the inventive process to treat a metal
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surface is dependent upon the ability of the surface to be
contacted with the inventive medium.

[0016] The process employs a first medium comprising at
least one silicate, and a second medium comprising colloidal
silica. The metallic surface is exposed to the first medium
and then to the second medium (additional processing steps
can be employed before, between and after exposure to the
first and second mediums). The first and second mediums
can be electrolytic or electroless (e.g,. as described in the
previously identified Related Patents and Patent Applica-
tions). Normally, the first medium comprises an electrolytic
environment whereas the second medium comprises an
electroless environment. If desired, the metallic surface can
be dried, rinsed and dried between exposure to the first and
second mediums. Alternatively, the metallic surface may be
removed from the first medium and exposed to the second
medium without being dried.

[0017] The first medium of the inventive process can form
silicate containing film or layer. The silicate containing film
or layer can comprise a region comprising a monosilicate
(e.g., zinc monosilicate) with a disilicate film upon the
monosilicate region as well as combinations of monosilicate
and disilicate. The silicate containing film or layer can range
from about 10 to about 100 nanometers in thickness. The
second medium of the inventive process can form a silica
containing film or layer. The silica containing film or layer
can comprise a region comprising monomeric silica or silica
oligomers with a colloidal silica film upon the monomeric
silica region as well as combinations of the monomeric and
colloidal silica. The silica containing film or layer can range
from about 500 to 800 nanometers in thickness. Notwith-
standing the foregoing, the thickness of these films or layers
can vary depending upon raw materials, concentrations,
processing conditions, among other parameters. The silicate
and silica containing films or layers can each contain metals,
metal hydroxides, among other metal species that are dis-
tributed throughout these films or layers (e.g., a distribution
of zinc hydroxide when treating a zinc metallic surface).

[0018] The first medium can comprise water and at least
one water soluble silicate such as at least one member
selected from the group of sodium silicate, potassium sili-
cate, ammonium silicate, among other silicates, siliceous
species such as monomeric silica, oligomeric silica, poly-
meric silica, , among other water soluble silicates which
contain siliceous species and combinations thereof. While
any suitable silicate can be employed, an example of suitable
silicate comprises an oligomeric sodium silicate (e.g., avail-
able commercially from PQ Corporation as “D” grade
sodium silicate). The oligomeric sodium silicate has a ratio
of Si02 wt./Na2 Owt of about 2.00 wherein the amount of
NaOw/w % is about 13 to about 15 (e.g., about 14.7+-0.15)
and the amount of Si02 w/wt % is about 28 to about 30 (e.g.,
about 29.4). The amount of at least one water soluble silicate
normally comprises about 1 to about 30 wt. % of the first
medium. The siliceous species (e.g,. polymeric silica, mono-
meric or oligomeric silica-containing species) can have any
suitable size and, normally, range from about 0.5 to about
200 nanometers (e.g., about 0.5 to about 5 nanometers). The
first medium has a pH of about 10 to 12 (e.g., about 11.5).

[0019] While desirable results can be obtained by using a
polymeric silicate such as PQ N Grade sodium silicate,
polymeric sodium silicate has a Si02 wt/Na2 Owt ratio of
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3:22 and a lower viscosity relative to oligomeric silicate.
Further the oligomeric silicate has an increased electricity
conductive relative to the polymeric which can be useful
when the first medium is employed in an electrolytic envi-
ronment.

[0020] The second medium can comprise water, at least
one siliceous material and optionally at least one water
soluble silicate (e.g., sodium silicate, potassium silicate,
ammonium silicate, among other silicates). Examples of
suitable siliceous materials comprise at least one member
selected from the group of colloidal silica, monomeric silica,
dimeric or oligomeric silica, among other polymeric forms
of silica. While any suitable siliceous materials can be
employed, examples of such materials comprise colloidal
silica dispersed within water (e.g., commercially available
as Ludox® CL [silica core with an alumina shell], LS [low
sodium], HS [high sodium concentration or stabilized with
sodium hydroxide] and AM [aluminum modified or stable at
low pH]). The colloidal silica can have any suitable size and,
normally, ranges from about 10 to about 50 nanometers (e.g.,
about 10-15 nanometers which corresponds to a surface area
of about 220 m2/gram). The amount of siliceous material
normally ranges from about 1 to about 75 wt. % of the
second medium.

[0021] In addition to forming the silica film or layer, the
second medium can treat micro-cracks that may be present
in the silicate film or layer. Micro-cracks that may be present
in the silicate film or layer are typically less than about 1
micron in width. Exposure to the second medium can fill,
coat, modify or otherwise protect the micro-cracked surface
(e.g., reduce corrosive agents from passing through the
micro-cracks and adversely affecting the underlying metallic
surface).

[0022] Colloidal silica (commercially available as
Ludox® AM-30, CL, HS-40, among others) can be
employed in the first and second mediums. The colloidal
silica has a particle size ranging from about 10 nm to about
50 nm. The size of particles in the medium ranges from
about 10 nm to 1 micron and typically about 0.05 to about
0.2 micron (1micron=1,000 nanometers). The medium has a
turbidity of about 10 to about 700, typically about 50 to
about 300 Nephelometric Turbidity Units (NTU) as deter-
mined in accordance with conventional procedures.

[0023] In one aspect of the invention, the first medium
employs an electrolytic cathodic process for treating a
metallic surface within an aqueous silicate-containing bath
(e.g., a water dispersible silicate such as oligomeric sodium
silicate [e.g., having a SiO2/Na20 ratio of about 2.0)),
wherein the pH of the bath is greater than about 10 to 11.5
under conditions sufficient to cause hydrogen evolution at
the cathode or work piece (e.g. such as described in U.S.
patent application Ser. No. 09/814,641 or Ser. No. 10/211,
094). The anode can comprise any suitable material such as
platinum plated niobium or tungsten, nickel, iridium oxide,
among other materials depending upon whether a dimen-
sionally stable anode is desired. Without wishing to be
bound by any theory or explanation, it is believed that the
metallic surface interacts or reacts with the first medium to
form a silicate containing film or layer (e.g, a product
formed between the metallic surface and monomeric and
oligomeric siliceous material that comprises the previously
described disilicate and in the case of a zinc surface com-
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prising zinc disilicate), and the second medium forms a
silica containing film or layer that modifies (e.g., fills
micro-cracks) the surface of the silicate containing film or
layer. The specific electrolytic parameters depend upon the
substrate to be treated, and the intended composition to be
deposited. Normally, the temperature of the first medium
ranges from about 25 to about 95 C (e.g., about 75 C), the
voltage from about 6 to 24 volts, with a silicate solution
concentration from about 1 to about 15 wt. % silicate, the
current density ranges from about 0.025A/in2 and greater
than 0.60A/in2 and typically about 0.04 A/in2 (e.g., about
180 to about 200 mA/cm2 and normally about 192
mA/cm?2), contact time with the first medium from about 10
seconds to about 50 minutes and normally about 1 to about
15 minutes, and anode to cathode surface area ratio of about
0.5:1 to about 2:1.

[0024] In another aspect of the invention, the second
medium has a pH that is different from the pH of the first
medium (e.g., a first medium having a basic pH and a second
medium having an acidic pH). The differences in pH can be
employed to precipitate material from the second bath onto
an article previously treated in the first medium. If desired,
an article treated with the first medium can be dried and
rinsed in order to remove material that would contaminate
the second medium (e.g., contaminates that can cause gel-
lation or precipitation in the second medium). While any
suitable material can be used, desirable results have been
obtained by using a second medium comprising colloidal
silica having an acidic pH (e.g., in order to obtain a second
medium having a pH from about 2 to about 5). An example
of suitable commercially available material comprises
Ludox® CL (supplied by WR Grace), and the second
medium comprises water and Ludox CL (e.g., a colloidal
silica in which each particle is coated with a layer of alumnia
and having a Ludox® CL normally has a pH of about 4.5,
and comprises colloidal particles that are suspended in water
and are approximatelyl5-30 nanometers in size with a
surface area of approximately 230 m2/gm wherein the silica
content is about 30% silica in the form of colloids

[0025] While the second medium is normally used in an
electroless process, if desired the second medium can be an
electrolytic environment. The articles (e.g., zinc or zinc
alloy plated articles) can be pre-cleaned or activated (e.g.,
immersion within heated sodium hydroxide), and then con-
tacted with a first medium. The articles are removed from the
first medium and dried (e.g., at a temperature from about 75
C to 150 C), and exposed to an electrolytic second medium
(e.g., comprising water and colloidal silica).

[0026] Without wishing to be bound by any theory or
explanation, it is believe that when the first medium is used
in an electrolytic environment to treat a metallic surface the
monomeric and oligomeric silicate species (e.g., obtained
from sodium silicate having a Si02/Na20 ratio of about 2),
in the first medium react with the metallic surface (e.g, zinc
plating), in a Helmholtz zone that is created immediately
adjacent to a cathodic work piece. It is believed that a local
relatively high pH is formed adjacent to the cathode as a
result of electrolysis of water (i.e., hydrogen is evolved at
the cathode), and, in some cases, elevated temperature of the
first medium, metal ions from the metallic surface are
released into the first medium and included in the silicate
containing film or layer. It is further believed that a mono-
meric silicate film formation reaction occurs that is self-
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limiting, typical thickness is approximately 50 A. A second
layer of disilicate can be formed and deposited upon the
monomeric silicate (e.g., as described in Pages 83-94 of R.
K. Iler, “The Chemistry of Silica: Solubility, Polymeriza-
tion, Colloid and Surface Properties, and Biochemistry”,
John Wiley & Sons, NY, 1979; Page 86 of Englehardt and
Michel, “High Resolution Solid State NMR of Silicates and
Zeolites” John Wiley & Sons, NY 1987; and Bass and
Turner “Anion Distribution In Sodium Silicate Solutions.
Charateristization By Si29 NMR And Infrared Spec-
troscopies And Vapor Phase Osmometry”, Journal of Physi-
cal Chemistry B, 1997 Vol 101(50), Pages 10638 to 10644;
all hereby incorporated by reference). A silica containing
film or coating can then be deposited upon the disilicate film
a monomeric silica species (e.g., monomeric or oligomeric
siliceous species).

[0027] In another aspect of the invention, the first medium
is employed as an electroless medium (e.g., in accordance
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metallic surface can exit the first medium and directly
contact the second medium, or be dried (without rinsing)
prior to contacting the second medium. As a further alter-
native, a metallic surface treated by the first medium can be
treated further by exposure to multiple second mediums
having the same or different composition thereby permitting
the characteristics of the metallic surface to be tailored. As
described below in greater detail, at least one secondary
coating or film can be applied upon the silica containing film
or layer (e.g, epoxy, acrylic, polyurethane, silane, among
other coatings).

[0029] In an aspect of the invention, the silicate containing
and silica containing films or layers can be enhanced by
employing multiple steps. The inventive process separates
the silicate containing film deposition or formation process
from the silica containing film deposition or formation
process as shown in the Table below.

TABLE
1. 2. 3. 4, 5. 6. 7. 8.
Clean Rinse First Rinse Second Dry  Rinse: Dry
Multiple  Media: : Medium: DI water
Include Cathodic DI Collodial plus
Cleaning  Oligomeric water Silica colloidal
Silicate Immersion silica
(D- Ludox CL (Ludox)
Grade) Ludox LP to
Ludox HS modify
Ludox AM microcracks

Process Flow ———

with U.S. patent application Ser. Nos. 10/211,051 and
10/211,029). The metallic surface is exposed to an electro-
less first medium under conditions and for a time sufficient
to form the silicate containing film or layer. If desired, the
electroless medium can further comprise at least one reduc-
ing agent. An example of a suitable reducing agent com-
prises sodium borohydride, phosphorus compounds such as
hypophosphide compounds, phosphate compounds, among
others. Without wishing to be bound by any theory or
explanation, it is believed that the reducing agent may
reduce water present in the silicate medium thereby modi-
fying the surface pH of articles that contact the silicate
medium (e.g., article may induce or catalyze activity of the
reducing agent). According to one embodiment, the concen-
tration of sodium borohydride is typically 1 gram per liter of
bath solution to about 20 grams per liter of bath solution
more typically 5 grams per liter of bath solution to about 15
gram per liter of bath solution. In one illustrative embodi-
ment, 10 grams of sodium borohydride per liter of bath
solution is utilized. When employed the reducing agent, can
cause hydrogen evolution once the bath/medium has been
sufficiently heated.

[0028] After being contacted with an electrolytic or elec-
troless first medium, the metallic surface contacts the second
medium under conditions and for a period of time sufficient
to form the silica containing film or layer. While any suitable
environment can be employed in the second medium, nor-
mally this medium is electroless. If desired, the metallic
surface can be dried, rinsed (e.g., with water), and dried
prior to contact with the second medium. Alternatively, the

[0030] The above process enhances the disilicate forma-
tion in step 3 (i.e., the aforementioned cathodic process), by
precleaning the work piece to remove oxides and cathodic
films, carbonates, sulphates, and chlorides. By cleaning the
metallic surface before entering the first medium, it is
believed that fewer impurities will be present in the cathodic
process which in turn minimizes material that can function
as colloidal silica nucleation sites. Step 4 comprises a rinse
to remove any residual or undesirable material (e.g., step 4
may comprise a water rinse, or an acidic or other reactive
rinse). Step 5 may have a composition similar to the bath of
step 3 or contain dopants that enhance formation (e.g.,
deposition or precipitation) of the silica containing film or
layer. Examples of suitable dopants that can be included in
step 5 comprise nickel, aluminum, among other corrosion
resistant metals. The metallic surface or step 5 medium can
be heated to about 55° C. to about 90° C. Step 6 is employed
for dehydrating and improving the stability of at least one of
the silicate and silica containing films. Step 6 can be
conducted at 70-120° C.

[0031] Step 5 or 7 can include a colorant or dye for
monitoring uniformity of coating, enhancing appearance of
the treated component, among other purposes. If desired, the
rinsing Step 7 can include a compound such as colloidal
silica (e.g, commercially available as Ludox® CL AM), that
interacts or reacts with the silicate or silica containing films.

[0032] When employing the first medium of Step 3 above
to treat metallic surfaces, colloidal material (e.g., colloidal
silica) can be generated in the first medium. If the colloids
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become relatively large or concentrated, the first medium
can be replaced. The first medium, which contains a rela-
tively large concentration of colloidal material, can be
employed as the second medium in Step 5.

[0033] The first and/or second mediums of the inventive
process can be operated on a batch or continuous basis. The
type of process will depend upon the configuration of the
metal being treated. The contact time within the medium
ranges from about 10 seconds to about 50 minutes and
normally about 1 to about 15 minutes. The inventive process
can be practiced in any suitable apparatus. Examples of
suitable apparatus comprise a conventional barrel dip appa-
ratus (e.g., metallic components are placed in a perforated
rotating barrel and then contacted with the mediums).

[0034] The first and second mediums can be a fluid bath,
gel, spray, among other methods for contacting the substrate
with the medium. The mediums can comprise any suitable
polar carrier such as water, alcohol, ethers, at least one water
dispersible polymer, among others. The mediums can be
agitated (e.g., by a circulation pump), heated (e.g., with
immersion heaters), filtered (e.g., with a 1 micron filter),
among other processes associated with operating and main-
taining metal finishing chemistry and equipment.

[0035] The first and second mediums can be modified by
adding water or polar carrier dispersible or soluble poly-
mers. If utilized, the amount of polymer or water dispersible
materials normally ranges from about 0 wt. % to about 10
wt. %. Examples of polymers or water dispersible materials
that can be employed in the medium comprise at least one
member selected from the group of acrylic copolymers
(supplied commercially as Carbopol®), hydroxyethyl cel-
lulose, clays such as bentonite, among others.

[0036] In an aspect of the invention, the first and second
mediums are modified to include at least one dopant mate-
rial. The dopants can be useful for building additional
thickness of the deposited layer. The amount of dopant can
vary depending upon the properties of the dopant and
desired results. Typically, the amount of dopant will range
from about 0.001 wt. % to about 5 wt. % (or greater so long
as the deposition rate is not adversely affected). Examples of
suitable dopants comprise at least one member selected from
the group of water soluble salts, oxides and precursors of
tungsten, molybdenum, titanium (titatantes), zircon, vana-
dium, phosphorus, aluminum (aluminates), iron (e.g., iron
chloride), boron (borates), bismuth, gallium, tellurium, ger-
manium, antimony, niobium (also known as columbium),
magnesium and manganese, sulfur, zirconium (zirconates)
mixtures thereof, among others, and usually, salts and oxides
of aluminum and iron, and other water soluble or dispersible
monovalent species. The dopant can comprise at least one of
molybdenic acid, fluorotitanic acid and salts thereof such as
titanium hydrofluoride, ammonium fluorotitanate, ammo-
nium fluorosilicate and sodium fluorotitanate; fluorozirconic
acid and salts thereof such as H,ZrF,, (NH,),ZrF, and
Na,ZrF,; among others. Alternatively, dopants can comprise
at least one substantially water insoluble material such as
electropheritic transportable polymers, PTFE, boron nitride,
silicon carbide, silicon nitride, aluminum nitride, titanium
carbide, diamond, titanium diboride, tungsten carbide, metal
oxides such as cerium oxide, powdered metals and metallic
precursors such as zinc, among others.

[0037] The aforementioned dopants can be employed for
enhancing the silicate and/or silica containing layer forma-

Sep. 30, 2004

tion rate, modifying the chemistry and/or physical properties
of the resultant layer, as a diluent for the medium, among
others. Examples of such dopants are iron salts (ferrous
chloride, sulfate, nitrate), aluminum fluoride, fluorosilicates
(e.g., K2SiF6), fluoroaluminates (e.g., potassium fluoroalu-
minate such as K2AIF5-H20), mixtures thereof, among
other sources of metals and halogens. The dopant materials
can be introduced to the metal surface in pretreatment steps,
in post treatment steps (e.g., rinse), and/or by alternating
exposing the metal surface to solutions of dopants and
solutions of the mediums. The presence of dopants in these
mediums can be employed to form tailored surfaces upon
the metal, e.g., an aqueous solution containing aluminate can
be employed to form a layer comprising oxides of boron and
aluminum. That is, at least one dopant (e.g., a zinc contain-
ing species such as zinc hydroxide) can be co-deposited
along with at least one water soluble species upon the
substrate.

[0038] The first and second mediums can also be modified
by adding at least one diluent. Examples of suitable diluent
comprise at least one member selected from the group of
sodium sulphate, surfactants, de-foamers, colorants/dyes,
conductivity modifiers, among others. The diluent (e.g.,
sodium sulfate) can be employed for reducing the affects of
contaminants entering the medium, reducing bath foam,
among others. When the diluent is employed as a defoamer,
the amount normally comprises less than about 5 wt. % of
the medium, e.g., about 1 to about 2 wt. %.

[0039] Contact with the inventive mediums can be pre-
ceded by and/or followed with conventional pre-treatments
and/or post-treatments known in this art such as cleaning or
rinsing, e.g., immersion/spray within the treatment, sonic
cleaning, double counter-current cascading flow; alkali or
acid treatments, among other treatments. By employing a
suitable post- or pre-treatment the solubility, corrosion resis-
tance (e.g., reduced white rust formation when treating zinc
containing surfaces), sealer and/or topcoat adhesion, among
other properties of treated metallic surface formed by the
inventive method can be improved. If desired, the post-
treated surface can be sealed, rinsed and/or topcoated, e.g.,
silane, epoxy, latex, fluoropolymer, acrylic, among other
coatings.

[0040] In one aspect of the invention, a pre-treatment
comprises exposing the substrate to be treated to at least one
of an acid, oxidizer, a basic solution (e.g., zinc and sodium
hydroxide) among other compounds. The pre-treatment can
be employed for removing excess oxides or scale, equipo-
tentialize the surface for subsequent mineralization treat-
ments, convert the surface into a silicate containing or silica
containing precursor, among other benefits. Conventional
methods for acid cleaning metal surfaces are described in
ASM, Vol. 5, Surface Engineering (1994), and U.S. Pat. No.
6,096,650; hereby incorporated by reference.

[0041] In another aspect of the invention, the metal surface
is pre-treated or cleaned electrolytically by being exposed to
an anodic environment. That is, the metal surface is exposed
to the medium wherein the metal surface is the anode and a
current is introduced into the medium. If desired, anodic
cleaning can occur in the first medium. By using the metal
as the anode in a DC cell and maintaining a current of about
10 A/ft2 to about 150 A/ft2, the process can generate oxygen
gas. The oxygen gas agitates the surface of the workpiece
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while oxidizing the substrate’s surface. The surface can also
be agitated mechanically by using conventional vibrating
equipment. If desired, the amount of oxygen or other gas
present during formation of the mineral layer can be
increased by physically introducing such gas, e.g., bubbling,
pumping, among other means for adding gases.

[0042] If desired, the inventive method can include a
thermal post-treatment following exposure to the second
medium(s). The metal surface can be removed from the
second medium, dried (e.g., at about 120 to about 150 C for
about 2.5 to about 10 minutes), rinsed in deionized water and
then dried. The dried surface may be processed further as
desired; e.g. contacted with a sealer, rinse or topcoat. In an
aspect of the invention, the thermal post treatment comprises
heating the surface. Typically the amount of heating in
drying steps herein is sufficient to consolidate or densify the
inventive surface without adversely affecting the physical
properties of the underlying metal substrate. Heating can
occur under atmospheric conditions, within a nitrogen con-
taining environment, among other gases. Alternatively, heat-
ing can occur in a vacuum. The surface may be heated to any
temperature within the stability limits of the surface coating
and the surface material. Typically, surfaces are heated from
about 75° C. to about 250° C., more typically from about
120° C. to about 200° C. If desired, the heat treated
component can be rinsed in water to remove any residual
water soluble species and then dried again (e.g., dried at a
temperature and time sufficient to remove water).

[0043] In one aspect of the invention, the post treatment
comprises exposing the substrate to a source comprising at
least one acid source or precursors thereof. Examples of
suitable acid sources comprise at least one member chosen
from the group of phosphoric acid, hydrochloric acid,
molybdic acid, silicic acid, acetic acid, citric acid, nitric
acid, hydroxyl substituted carboxylic acid, glycolic acid,
lactic acid, malic acid, tartaric acid, ammonium hydrogen
citrate, ammonium bifluoride, fluoboric acid, fluorosilicic
acid, among other acid sources effective at improving at
least one property of the treated metal surface. The pH of the
acid post treatment may be modified by employing at least
one member selected from the group consisting of ammo-
nium citrate dibasic (available commercially as Citro-
sol®#503 and Multiprep®), fluoride salts such as ammo-
nium bifluoride, fluoboric acid, fluorosilicic acid, among
others. The acid post treatment can serve to activate the
surface thereby improving the effectiveness of rinses, sealers
and/or topcoatings (e.g., surface activation prior to contact-
ing with a sealer can improve cohesion between the surface
and the sealer thereby improving the corrosion resistance of
the treated substrate). Normally, the acid source will be
water soluble and employed in amounts of up to about 15 wt.
% and typically, about 1 to about 5 wt. % and have a pH of
less than about 5.5.

[0044] In another aspect of the invention, a rinse between
the first and second mediums or a rinse employed as a post
treatment comprises contacting a surface treated by the
inventive process with a rinse. By “rinse” it is meant that an
article or a treated surface is sprayed, dipped, immersed or
other wise exposed to the rinse in order to affect the
properties of the treated surface. For example, a surface
treated by the inventive process is immersed in a bath
comprising at least one rinse. In some cases, the rinse can
interact or react with at least a portion of the treated surface.
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Further the rinsed surfaced can be modified by multiple
rinses, heating, topcoating, adding dyes, lubricants and
waxes, among other processes. Examples of suitable com-
pounds for use in rinses comprise at least one member
selected from the group of titanates, titanium chloride, tin
chloride, zirconates, zirconium acetate, zirconium oxychlo-
ride, fluorides such as calcium fluoride, tin fluoride, titanium
fluoride, zirconium fluoride; coppurous compounds, ammo-
nium fluorosilicate, metal treated silicas (e.g., Ludox®),
nitrates such as aluminum nitrate; sulphates such as mag-
nesium sulphate, sodium sulphate, zinc sulphate, and copper
sulphate; lithium compounds such as lithium acetate, lithium
bicarbonate, lithium citrate, lithium metaborate, lithium
vanadate, lithium tungstate, among others. The rinse can
further comprise at least one organic compound such as
vinyl acrylics, fluorosurfactancts, polyethylene wax, among
others. One specific rinse comprises water, water dispersible
urethane, and at least one silicate, e.g., refer to commonly
assigned U.S. Pat. No. 5,871,668; hereby incorporated by
reference. While the rinse can be employed neat, normally
the rinse will be dissolved, diluted or dispersed within
another medium such as water, organic solvents, among
others. While the amount of rinse employed depends upon
the desired results, normally the rinse comprises about 0.1
wt % to about 50 wt. % of the rinse medium. The rinse can
be employed as multiple applications and, if desired, heated.
Moreover, the aforementioned rinses can be modified by
incorporating at least one dopant, e.g. the aforementioned
dopants. The dopant can employed for interacting or react-
ing with the treated surface. If desired, the dopant can be
dispersed in a suitable medium such as water and employed
as a rinse.

[0045] 1If desired, after rinsing at least one coating can be
applied. Examples of suitable such coatings comprise at
least one member selected from the group of Aqualac®
(urethane containing aqueous solution), W86®, W87®,
B37®, TO1®, E10®, B17, B18 among others (a heat cured
coating supplied by the Magni® Group), JS2030S (sodium
silicate containing rinse supplied by MacDermid Incorpo-
rated), JS20401 (a molybdenum containing rinse also sup-
plied by MacDermid Incorporated), EnSeal® C-23 (an
acrylic based coating supplied by Enthone), EnSeal® C-26,
Enthone® C-40 (a pigmented coating supplied Enthone),
Microseal®, Paraclene® 99 (a chromate containing rinse),
EcoTri® (a silicate/polymer rinse), MCI Plus OS (supplied
by Metal Coatings International), silanes (e.g., Dow Coming
Z-6040, Gelest SIA 0610.0, tetra-ortho-ethyl-silicate
(TEOS), tetramethylorthosilicate (TMOS), bis-1,2-triethox-
ysilyl (triethoxysilyl) ethane (BSTE), vinyl silane or ami-
nopropyl silane, epoxy silanes, vinyltriactosilane, alkoxysi-
lanes, among other organo functional silanes), ammonium
zirconyl carbonate (e.g., Bacote 20), urethanes (e.g., Agate
L18-18 and L18-79P), acrylic coatings (e.g., IRILAC(®),
e-coats, silanes including those having amine, acrylic and
aliphatic epoxy functional groups, latex, urethane, epoxies,
silicones, alkyds, phenoxy resins (powdered and liquid
forms), radiation curable coatings (e.g., UV curable coat-
ings), lacquer, shellac, linseed oil, among others. Coatings
can be solvent or water borne systems. These coatings can
be applied by using any suitable conventional method such
as immersing, dip-spin, spraying, among other methods. The
secondary coatings can be cured by any suitable method
such as UV exposure, heating, allowed to dry under ambient
conditions, among other methods. An example of UV cur-
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able coating is described in U.S. Pat. Nos. 6,174,932;
6,057,382, 5,759,629; 5,750,197, 5,539,031; 5,498,481,
5,478,655; 5,455,080; and 5,433,976; hereby incorporated
by reference. The secondary coatings can be employed for
imparting a wide range of properties such as improved
corrosion resistance to the underlying mineral layer, reduce
torque tension, a temporary coating for shipping the treated
work-piece, decorative finish, static dissipation, electronic
shielding, hydrogen and/or atomic oxygen barrier, among
other utilities. The treated and coated metal, with or without
the secondary coating, can be used as a finished product or
a component to fabricate another article.

[0046] The thickness of the rinse, sealer and/or topcoat
can range from about 0.00001 inch to about 0.025 inch. The
selected thickness varies depending upon the end use of the
coated article. In the case of articles having close dimen-
sional tolerances, e.g., threaded fasteners, normally the
thickness is less than about 0.00005 inch.

[0047] The inventive process can provide a surface that
improves adhesion between a treated substrate and an adhe-
sive. Examples of adhesives comprise at least one member
selected from the group consisting of hot melts such as at
least one member selected from the group of polyamides,
polyimides, butyls, acrylic modified compounds, maleic
anhydride modified ethyl vinyl acetates, maleic anhydride
modified polyethylenes, hydroxyl terminated ethyl vinyl
acetates, carboxyl terminated ethyl vinyl acetates, acid ter-
polymer ethyl vinyl acetates, ethylene acrylates, single
phase systems such as dicyanimide cure epoxies, polyamide
cure systems, lewis acid cure systems, polysulfides, mois-
ture cure urethanes, two phase systems such as epoxies,
activated acrylates polysulfides, polyurethanes, among oth-
ers. Two metal substrates having surfaces treated in accor-
dance with the inventive process can be joined together by
using an adhesive. Alternatively one substrate having the
inventive surface can be adhered to another material, e.g.,
joining treated metals to plastics, ceramics, glass, among
other surfaces. In one specific aspect, the substrate com-
prises an automotive hem joint wherein the adhesive is
located within the hem.

[0048] While the above description places particular
emphasis upon forming a mineral containing layer upon a
metal surface, the inventive process can be combined with
or replace conventional metal pre or post treatment and/or
finishing practices. Conventional post coating baking meth-
ods can be employed for modifying the physical character-
istics of the treated metal surface, remove water and/or
hydrogen, among other modifications. The treated metal
surface of the invention can be employed to protect a metal
finish from corrosion thereby replacing conventional phos-
phating process, e.g., in the case of automotive metal
finishing the inventive process could be utilized instead of
phosphates and chromates and prior to coating application
e.g., E-Coat. The inventive process can be employed for
imparting enhanced corrosion resistance to electronic com-
ponents. The inventive process can also be employed in a
virtually unlimited array of end-uses such as in conventional
plating operations as well as being adaptable to field service.
For example, the inventive silica containing coating can be
employed to fabricate corrosion resistant metal products that
conventionally utilize zinc as a protective coating, e.g.,
automotive bodies and components, grain silos, bridges,
among many other end-uses. Moreover, depending upon the
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dopants and concentration thereof present in the mineral
deposition solution, the inventive process can produce
microelectronic films, e.g., on metal or conductive surfaces
in order to impart enhanced electrical/magnetic (e.g., EMI
shielding, reduced electrical connector fretting, reduce cor-
rosion caused by dissimilar metal contact, among others),
and corrosion resistance, or to resist ultraviolet light and
monotomic oxygen containing environments such as outer
space.

[0049] The following Examples are provided to illustrate
certain aspects of the invention and it is understood that such
an Example does not limit the scope of the invention.

EXAMPLES

[0050] An inventive process employing the first and sec-
ond mediums is illustrated by the following examples
wherein the aforementioned cathodic process was conducted
to obtain a disilicate film and thereafter the work piece was
maintained in the bath without current in order to obtain a
silica containing film upon the disilicate. These examples
were conducted in a commercially available and lab scale
barrel system. The work piece comprised a cylindrical
component that had been plated with alkaline zinc.

Example 1

[0051] The integrity of the disilicate and silica films was
tested by exposing the treated work piece to lead acetate.
Any exposed or uncoated zinc will react with lead acetate
and form a black product that is visually detectable.

[0052] Constants:
[0053] Cathodic Process Bath Temp 75+2 deg. C.

0054] Bath Comprised 10wt. % sodium silicate
p
(Si02:Na20 ratio 3:22) in deionized water

[0055] Post-Cathodic Process Dry For 6 min @ 120
deg. C.

[0056] Rinse deionized water

[0057] Dry 2 min @ 120 deg C.

Group “A”

No.  Current Current Density Voltage Time  Post-Treatment

Al 5.0A 1.0 ASI 8V 45 sec none

A2 48 A 0.96 ASI 8V 45 sec none

A3 48 A 0.96 ASI 8V 45 sec H20

A4 48 A 0.96 ASI 8V 45 sec H20

AS 47 A 0.94 ASI 8V 45 sec NaOH

Ab 47 A 0.94 ASI 8V 45 sec NaOH
Group “B”

No.  Current Current Density Voltage Time  Post-Treatment

B1 035A 0.07 ASI ~2.5V 15 min none

B2 035A 0.07 ASI ~2.5V 15 min none

B3 035A 0.07 ASI ~2.5V 15 min H20

B4 035A 0.07 ASI ~2.5V 15 min H20

Bs 035A 0.07 ASI ~2.5V 15 min NaOH

Be 035A 0.07 ASI ~2.5V 15 min NaOH
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[0058] TLead Acetate Exposure Results:

[0059] A1—5% black spotting

[0060] A2—5% black spotting

[0061] A3—33% black spotting

[0062] A4—33% black spotting

[0063] A5—no spotting (part darkened slightly in

NaOH, then no change in lead acetate)

[0064] A6—no spotting (part darkened slightly in
NaOH, then no change in lead acetate)

[0065] B1—5% black spotting

[0066] B2—33% black spotting

[0067] B3—90% black spotting

[0068] B4—5% black spotting

[0069] B5—100% black spotting (part darkened

slightly in NaOH, then turned black in lead acetate)

[0070] B6—100% black spotting (part darkened
slightly in NaOH, then turned black in lead acetate)

[0071] Observations:

[0072] Coating produced by Group A is partially stripped
with boiling water, but not with boiling 5% NaOH (parts
darken, but lead acetate has no effect). Coating produced by
Group B is more reactive with lead acetate (5% and 33%
spotting vs. 5% and 5% spotting).
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Example 2

[0073] This Example illustrates the affect of chloride on
the cathodic silicate bath (10 wt. % N Grade sodium silicate
supplied by PQ Corporation having a Si02/Na20 ratio of
3:22). The work pieces were exposed to the cathodic process
in a conventional and commercially available barrel system.
Certain of the work pieces were maintained in the bath
subsequent to the cathodic process and prior to drying in
order to enhance formation of a silica rich mineraloid film
upon the disilicate film. These pieces were rotated in the bath
without current.

[0074] Constants:
[0075] Alkaline Zinc Plated Work Pieces

[0076] Cathodic process bath parameters: 8V, 45 sec, 75
deg. C., ~7 to 8 Amps

[0077] Post Cathodic Process Bath: Dry 6 min. 120 deg.
C.—D.. Rinse—Dry 2 min. 120 deg. C.

[0078] The work pieces were processed as indicated in the
table below in a cathodic bath having the following chloride
bath additions: 100, 500, and 1000 ppm chloride as sodium
chloride and separately, as zinc chloride. Sodium chloride
readily dissolved in the cathodic bath, caused no colloids to
form. Zinc chloride instantly produces colloids in the
cathodic bath, but coating from solutions containing this
compound produced inferior salt spray. The zinc chloride
containing solution was ultrasonically agitated and then
magnetically stirred and produced bath having a milky-
white appearance.

Effect of chloride bath addition and continued rotation on salt spray performance:

Rotate In 8 hr Salt

Bath Spray-

Part Cl~ Agita-  Temp Without ASTM

ID Ccr source  tion* OC.  Volts Amps Current** B117
I 100 ppm  NaCl No 78 8 7.0 No 25% WC
I A NaCl Yes 77 8 7.0 No 25% WC
i A ZnCl, No 78 8 7.0 No 25% WC
v A ZnCl, Yes 79 8 72 No 25% WC
\% A ZnCl, No 79 8 6.8 Yes 33% WC
VI A ZnCl, Yes 79 8 7.0 Yes 40% WC
VII 500 ppm  NaCl No 74 8 72 No 33% WC
VIII A NaCl Yes 75 8 7.6 No 33% WC
X A ZnCl, No 78 8 6.2 No 5% WC
X A ZnCl, Yes 77 8 5.8 No 15% WC
XI A ZnCl, No 78 8 6.2 Yes 25% WC
XII A ZnCl, Yes 82 8 6.0 Yes 25% WC
XIII 1000 ppm  NaCl No 74 8 8.0 No 3% WC
XIv A NaCl Yes 74 8 8.0 No 20% WC
:4% A ZnCl, Yes 76 8 8.4 No 10% WC
XVI A ZnCl, No 80 8 6.2 No 10% WC
XVIl A ZnCl, No 82 8 5.8 Yes 10% WC
XVIII A ZnCl, Yes 82 8 5.0 Yes 20% WC

*Agitation Via magnetic mixer during electrolysis.

**Rotate two pieces together in a plastic beaker with ~100 ml solution for two minutes.
Dry 120 deg. C., 6 min, DI Rinse, Dry 120 deg. C. 2 min.
WC = White Crust
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Example 3

[0079] This Example demonstrates treating zinc plated
rivets in an electrolytic first medium (Bath 1) comprising
sodium silicate having two ratios of SiO2 to Na20, and a
second medium (Bath 2) comprising colloidal silica. S1
through S6 list the first occurrence of white rust corrosion

products when of each part when tested in accordance with
ASTM B-117 (NSS or neutral salt spray). The results of the
treatment are listed in the table below. This table demon-
strates that improved corrosion resistance can be achieved
by selecting an appropriate first medium, second medium

and drying temperature.
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NSS Bath 1 Bath2 Bath 2 Bath 2 Bath2 Average
Group # Pretreat Bath1l Temp Age Temp Time Rotation S1  S2 S3 S4 S5  S6 NSS
1 No 10%N 55 48 T2 72 T2 72 67.2
1A No 10%N 55 Old 75 12 4 288 360 288 360 288 72 276
2 No 10%D 55 48 48 24 24 48 24 36
2A No 10%D 55 Mid 55 12 20 48 72 72 72 72 48 64
(CD 0.022
ASI (0.58A)
2B 1 minute) No 10%D 55 96 48 144 48 76.8
(CD 0.022
ASI (0.58A)
2C 1 minute) No 10%D 55 Mid 55 12 20 144 72 144 144 148
3 No 10%N 75 192 144 72 72 216 144 140
3A No 10%N 75 Mid 75 12 4 7272 96 72 96 80
3B No NONE NONE Mid 75 12 4 192 96 96 96 120 132
4 No 25%D 55 72 48 48 24 24 48 44
4A No 25%D 55 Old 55 12 20 96 96 120 72 7272 88
5 No 10%D 55 48 48 48 24 24 24 36
SA No 10%D 55 New 75 2 20 144 48 72 72 72 72 80
8 No 10%N 55 72 72 288 96 264 96 148
8A No 10%N 55 New 75 2 20 240 216 312 288 72 168 216
8B No NONE NONE New 75 2 20 192 {85 3 92] 192 192 192
9 Yes 25%D 55 48 48 48 24 24 24 36
9A Yes 25%D 55 Mid 75 2 4 288 312 24 312 120 192 208
10 No 17.5% D 75 48 144 168 48 120 168 116
10A No 17.5% D 75 Oold 75 2 4 BEH 204 72 240 72 212
11 Yes 10%N 75 48 120 96 72 48 76.8
11A Yes 10%N 75  Old 55 2 20 72 120 [EB8 96 HEY 132
12 No 10%D 75 24 48 24 24 48 24 32
12A No 10%D 75 Mid 55 2 20 144 96 120 [EF] 168 96 160
(CD 0.022
ASI (0.58A)
12B 1 minute) No 10%D 75 7248 24 48 24 432
(CD 0.022
ASI (0.58A)
12C 1 minute) No 10%D 75 Mid 55 2 20 144 168 144 120 72 48 116
13 Yes 10% D 55 96 24 48 48 7 72 60
13A Yes 10% D 55 Old 55 2 4 48 48 96 192 120 100.8
15 Yes 17.5% D 55 24 48 36
15A Yes 17.5%D 55 Oold 75 12 20 264 168 248
17 Yes 10%N 55 72 72 72 72 92
17A Yes 10%N 55 Mid 55 12 4 96 72 72 gEs 112
17B Yes NONE NONE Mid 55 12 4 BER 96 48 192 144
18 Yes 25%D 75 24 72 96 48 72 80
18A Yes 25%D 75 Mid 75 2 20 48 144 144 96 72 48 92
(1 minute,
0.58-
0.60A @ 4V-
19 -0.022A8I) Yes 10%D 55 24 24 24 48 48 24 32
(1 minute,
0.28-
0.30A @ 3V-
20 -0.011AST) Yes 10%D 55 48 24 48 96 96 24 56
(2 minute-
0.6 Amps-
21 0.022A8D) 77 5%D 55 24 72 72 24 96 48 56
(1 minute-

0.6 Amps-



US 2004/0188262 Al Sep. 30, 2004
-continued

NSS Bath1 Bath2 Bath2 Bath2 Bath2 Average

Group # Pretreat Bath 1 Temp Age Temp Time Rotation S1 S2 S3 S4 S5 S6 NSS
22 0.022AST) 77 5%D 55 24 24 24 24 24 24 24
23 24 24 (2 Samples) 24
24 24 24 24
25 24 24 24

NOTES:

A-Bath 1: 4 minutes, 0.045 A/in2, constant current, in Rotating Barrel (measuring

6" length and 3" in diameter).

D-grade sodium silicate was more conductive and, therefore, had a lower

voltage at constant current.

C-Dry 1: 120 C for 20 minutes. Shake the water off. Ensure The parts are dried

a basket That allows free flow of air.

D-Dry 2: Same as Dry 1.

E-Do not rinse between Bath 1 and Bath 2.

F-Bath 2 “Old” = Turbidity of 900 to 1,000 NTU

Bath 2 “Mid” = Turbidity of 200 to 400 NTU

Bath 2 “New” = Turbidity of approximately 10 NTU

Control (24 pieces) 24 24 24 24 48 48 48 48 48 48 48 72 72

that were processed

by treating in Bath 1.

72 120 120 120 120 120 120 144 144 144 144 144 144

Average = 87 hours

Turbidity measurements are performed using a commercially available Turbidimeter (LaMotte model 2020). Turbidity was
measured by using the Tyndall Effect by looking at the backscatter of light. The filtered turbidity was measured in the same way

but on solutions that were filtered through a 1.2 micrometer filter paper.

Example 4

[0080] This Example demonstrates an electroless first
medium that includes a reducing agent, and a second
medium comprising colloidal silica. The second medium
reduces, if not eliminates, micro-cracks that may be formed
on the surface after contact with the first medium.

[0081] The first medium comprised water, sodium silicate
(N-Grade Si02/Na20 ratio 3:22) and sodium borohydride.
The ratio of water to sodium silicate was 3:1. A zinc panel
(supplied by ACT) was cleaned with alkali and immersed in
the first medium substantially in accordance with Example
4 of U.S. patent application Ser. No. 10/211,051; hereby
incorporated by reference.

[0082] The panel was dried in order to remove water (i.c.,
at 120 C), rinsed to remove any water soluble species on the
surface and dried again. As illustrated in FIG. 1, which is an
SEM photomicrograph, of the surface of the panel treated in
the first medium. FIG. 1 shows that the surface was micro-
cracked.

[0083] The panel was then exposed to a second medium
comprising water and colloidal silica (i.e., 80 wt. % deion-
ized water and 20 wt. % Ludox® AM30). The second
medium was heated to a temperature of about 80 C prior to
immersing and agitating the panel in the heated second
medium for about 1 minute. The panel was removed from
the second medium, dried in air for about 5 seconds, oven
dried at 120 C for 4 minutes and rinsed with tap water for
15 seconds. As illustrated by FIG. 2, which is an SEM
photomicrograph of the panel illustrated in FIG. 1 after
being treated with the second medium, the micro-cracks
were substantially eliminated.

Example 5

[0084] This Example demonstrates a first medium com-
prising an electrolytic process wherein the metallic surface
is dried prior to contacting an electroless second medium.

The following Table lists the composition and processing
conditions for the first medium, second medium and post
treatment drying.

TABLE

Metallic Surface Zinc Plated Rivets Measuring

.75 inch x 1.0 inch

Small Rotating Barrel, 10 minutes,
75 C., 10% of N-Grade sodium
silicate (Si02:Na20 ratio 3:22)
10 wt. % N-Grade sodium silicate
(5i02:Na20 ratio 3:22)

0.045 amps/in%, (1.7 amps for 20
rivets, 1.84 in?)

120 C., convection oven, 10
minutes

First Medium

Second Medium

Current Density For First
Medium

Drying Conditions After
Second Medium

[0085] The corrosion resistance of the metallic surfaces
treated in accordance with this Example were evaluated by
ASTM B-117 (salt spray). Greater than 140 hours of salt
spray exposure were achieved prior to evolution of white
rust corrosion products.

Example 6

[0086] This Example demonstrates using a second
medium comprising water and acidic colloidal silica. Rivets
measuring about 0.750 dia head by about 1.25 long shank of
0.250 were processed in a barrel measuring three inches by
five inches . For purposes of this Example 6, by pre-clean it
is meant to immerse the rivets in soap and water, rinse in
water, immerse in 0.5% nitric acid for 30 secs, and then a
water rinse. For purposes of this Example 6, Bath #1 is a
process that comprises immersing the rivets in a first
medium comprising 10 vol % (N Grade from PQ Corpora-
tion) sodium silicate solution at 75 deg C. and cathodically
applying 0.045 ASI, 1.66 for 3.5 min while rotating the
barrel at 15 rpm. The corrosion resistance of rivets treated by
this method was measured in accordance with ASTM B-117
(neutral salt spray or NSS).
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[0087] Group A was processed by the following method:
pre-clean, Bath#1, dry 120 deg for 4 min, rinse with water
for 10 secs and dry at 120 deg C. for 4 mins. ASTM B117
N.S.S, Performance=Average First White Corrosion (FW)=
89 hrs, Average (AV) Red Rust Corrosion=2250 hrs.

[0088] Group B was processed by the following method:
pre-clean, Bath #1, dry 120 deg C. for 4 min, rinse with
water for 10 secs., immerse in a second bath comprising
Ludox CL (5% solution) at 25 deg C. for 1 minutes. ASTM
B117 N.S.S, Performance=AV FW=367 hrs, AV Red Fail=
1602 hrs.

[0089] Group C was processed by the following method:
pre-clean, Bath #1, dry 120 deg C. for 4 min, rinse with
water for 10 secs., immerse in 5% Ludox CL at 50 deg C.
for 1 minute, and dry at 120 deg C. for 4 minutes. ASTM
B117N.S.S, Performance=AV FW=294 hrs, AV Red Fail=
2560 hrs.

[0090] Group D was processed by the following method:
pre-clean, Bath #1, dry at 120 deg C. for 4 min, Rinse with
water for 10 secs., immerse in 10% Ludox CL at 25 deg C.
for 1 minute, and dry at 120 deg C for 4 minutes. ASTM
B117 N.S.S, Performance=AV FW=448 hrs, AV Red Fail=
2550 hr

[0091] A comparison of Group A to Groups B-D illustrates
that immersion within a second bath comprising colloidal
silica (with an acidic pH) increased corrosion resistance.

[0092] The invention has been described with reference to
certain aspects. These aspects can be employed alone or in
combination. Modifications and alterations will occur to
others upon a reading and understanding of this specifica-
tion. It is intended to include all such modifications and
alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

The following is claimed:
1. Amethod for treating an electrically conductive surface
comprising:

contacting at least a portion of the surface with a first
medium having a basic pH and substantially free of
chromates and comprising at least one silicate wherein
said at least one silicate has a ratio of SiO2 to metal
oxide of less than about 3:22,

drying the surface,
rinsing the surface, and;

contacting at least a portion of the surface with a second

medium comprising at least one siliceous material.

2. An aqueous medium for use in electrically treating a
metallic surface comprising a combination comprising at
least one polar carrier, at least one oligomeric silicate soluble
within said carrier, colloidal silica, and wherein the medium
has an acidic pH and is substantially free of chromates.

3. A method for treating a metallic or an electrically
conductive surface comprising:

exposing at least a portion of the surface to a first medium
comprising a combination comprising at least one polar
carrier and at least one oligomeric silicate that is
soluble within said carrier wherein said medium has a
basic pH, and;

exposing at least a portion of the surface to a second
medium comprising colloidal silica and having an
acidic pH.
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4. The method of claim 1 wherein the first medium
comprises sodium silicate having a SiO2 wt./Na20 ratio of
about 2.

5. The method of claim 1 wherein the surface comprises
at least one member selected from the group consisting of
copper, nickel, tin, iron, zinc, aluminum, magnesium, stain-
less steel and steel and alloys thereof.

6. The method of claim 1 wherein the siliceous material
comprises colloidal silica.

7. The method of claim 1 wherein at least one of the first
and second mediums further comprise at least one dopant
selected from the group consisting of zinc, cobalt, molyb-
denum and nickel.

8. The method of claim 1 wherein prior to contacting with
said second medium the metal surface is dried at a tempera-
ture of at least about 120 C.

9. The method of claim 1 further comprising applying at
least one coating upon the treated surface.

10. The medium of claim 2 wherein the medium com-
prises greater than 1 wt. % of said at least one silicate and
further comprises at least one dopant selected from the
group consisting of cobalt, nickel, molybdenum and zinc.

11. The method of claim 1 wherein said metallic surface
comprises zinc.

12. The medium of claim 3 wherein at least one of said
first and second mediums further comprise at least one water
soluble compound selected from the group consisting of
from the group of titanium chloride, tin chloride, zirconium
acetate, zirconium oxychloride, calcium fluoride, tin fluo-
ride, titanium fluoride, zirconium fluoride; ammonium fluo-
rosilicate, aluminum nitrate; magnesium sulphate, sodium
sulphate, zinc sulphate, copper sulphate; lithium acetate,
lithium bicarbonate, lithium citrate, lithium metaborate,
lithium vanadate and lithium tungstate.

13. The method of claim 1 wherein said first medium
comprises an electrolytic environment wherein the metallic
surface comprises the cathode.

14. The method of claim 1 further comprising rinsing the
metal surface, prior to contacting with said second medium,
with a solution comprising water and at least one dopant.

15. The method of claim 14 wherein the dopant comprises
at least one member selected from the group consisting of
molybdenum, chromium, titanium, zircon, vanadium, phos-
phorus, aluminum, iron, boron, bismuth, gallium, tellurium,
germanium, antimony, niobium, magnesium, manganese,
zine, aluminum, cobalt, nickel and their oxides and salts.

16. The method of claim 3 further comprising, prior to
said exposing to the first medium, contacting said surface
with at least one member selected from the group consisting
of acid and basic cleaners.

17. The method of claim 3 wherein said first medium
comprises an electrolytic environment and said second
medium comprises an electroless environment.

18. The method of claim 9 wherein said coating comprises
at least one member chosen from the group of latex, silanes,
epoxies, silicone, amines, alkyds, urethanes, polyester and
acrylics.



