qle0 300 -4
oS

REPLACED SHEETS - SG

[A Abstract paged .34... to paged ...
DATE OF RECEIPT ........cconvevviniivivinnries

REINFORCED CONCRETE ‘STRUCTURE

Backaround of the Invention

. In addition to reinforcing concrete internally with
ictal, it has been known to apply metal to the surface
of concrete. In U. S. Patent 1,898,864 a metal-faced
Building unit is prepared. The building unit is of a
material such as concrete or cement. The metal facing,
€.g., a steel facing, can be adhesively adhered to the
concrete or cement body of the building unit.

Where the concrete is reinforced concrete, and th.
concern is corrosion of reinforcement embedded in the
concrete, the matal agplxed to the concrete surface may
be for retarding metal reinforcement corrosion. In U.
S.. Patent ¢,506,485, it is taught to flame spray an
electrically conductive metal, e.g., zinc, onto a
freshly exposed surface of concrete. The concreta can
have steel embedded therein as reinforcement. The
sprayed metal cover and embedded steel are joined in an
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electric circuit. Such means will be useful for
precluding deterioration of the embedded reinforcement.
By covering a concrete surface with flame sprayed
zinc and then electrically connecting the zinc withf
steel reinforcement of concrete, the assembly takes
advantage of the sacrificial characteristic of the zinc
to cathodically protect the embedded reinforcement.
This leads to a gradual loss of zinc and loss of
' effectiveness of cathodic protection. It would be
desirable to avoid or retard this loss.
It would be further desirable to provide a system
that combines effective concrete-to-applied-metal bond
: strength, together with fast application and enhanced
. long term protection.

' Summary of the Invention

A system has now been devised for inhibiting
corrosion of metal embedded as reinforcement in
concrete, with the system having enhanced economic
potential. The system alsc combines such potential with
efficiency and economy of application. The system
utilizes applied metal, which can be a very thinly
applied layer of metal, on a surface of concrete. The
metal can have an excellent long lifetime. During such
extended lifetime, the system can provide a uniformity
of performance, free from not only premature failure,
but also free from a gradual performance decline, which
decline accelerates deterioration of embedded
reinforcement.

In brief, the invention in a particular aspect is
directed to concrete coated with a thermally sprayed,
non~corroding and tightly adherent electrochemically
active metallic coating. As a part of this aspect of
the invention, there might be included on the concrete a
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porous titanium coating on a roughened surface of the
concrete.

In another aspect, the invention is directed to
coated concrete, coated with a thermally sprayed tiéhtly
adherent coating of non-corroding metal plus actiée
material, with one or both of the metal and active
material beind thermally sprayed onto the surface of the
concrete. The metal may form an overlay on a surface
‘activation layer, or the metal plus active material can
be thermally sprayed together ontoc the concrete.

And still a further aspect of the invention is
directed to the method of protedting reinforced concrete

: with a cathodic protection coating on the surface of the

. concrete, which method comprises thermally spraying

together an active material plus non-corroding metal

onto the surface of the concrete.

Another aspect of the invention is directed to the
method of cathodically protecting reinforced concrete
with a non-corroding, electrochemically active coating
which is present as a metal-containing coating on the
surface of the concrete, which coating initially
contains a metal having at its surface a precursor
composition convertible to an active ingredient for the
coating. This invention aspect comprises establishing on
the concrete such ceoating comprising the precursor
composition, connecting the metal of the coating in an
electrical circuit, and anodically polarizing the metal
to convert the precursor composition to active
ingredient. _

Another invention aspect relates to the method of
applying a tightly adherent, non-corroding and
electrochemically active metallic coating to a surface
of a concfete substrate, which method comprises:

roughening the surface of the concrete by abrading

the surface and freshly exposing a concrete

surface; and _f‘“““‘-—~\ﬁ_ﬁ
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thermally'spraying a metal onto the resulting
roughened surface with a spray gun in an amount of

sprayed metal having a thickness of from about 20
3

L

microns to about 200 microns;
wherein the spraying comprises:
applying the metal onto the concrete at a standoff
from the surface of the concrete within the range
of from about 2 1/2 inches to about 6 inches; while
conducting such spraying at an application rate
across the concrete surface at a gun speed within the
range of from about 100 to about 800 millimeters per

second.
In yet another aspect the invention is directed to

'coated concrete coated with an integrally attached,

electrochemically active oxide coating.
Where the invention includes a thermally sprayed,

'non-corroding and tightly adherent electrochemically

active metallic coating, the metallic coating may be a
metal that is activated with an active material, e.q.,
as by application of an electrochemically active
coating. Thus, as used herein, the term "metallic
coating" can refer to a metal that is activated.

As mentioned hereinabove, if an active material is
used, it may be that both such material and a metal, or
metals, are thermally sprayed, which can be separately,
or co~-sprayed together. When separately sprayved, the
active material, or poésibly one or more precursors of
the material, may be applied before the metal, or after
the metal, or both before and after.

Description of the Preférred Embodiments

The metal coating is applied to the surface of an
underlying material which generally for convenience will
be referred to herein as "concrete". However, it is to
be understood that other similar masonry materials may
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be utilized including mortars and grouts. Grouts and
mortars may contain cement, and may be used as an
overlay, as on concrete. The concretes which are
contemplated to be metal coated include not only
typically Portland cement concrete but also structural
concrete, ready mix concrete, low slump concrete, and
polymer modified concrete. The cements contemplated
include any of the recognized types of cements such as
high-early-strength cement, Portland-Pozzolan cements,
and masonry cements (mortars). .

For reinforcement the concrete will usually have an
embedded reinforcement, or a reinforcing shape, such as
a wire or bar, which bar may be referred to as a
"rebar%. These will be metal reinforcements generally
of a ferrous material and most usually will be a steel
reinforcing material.

The surface of the concrete to receive the spray
applied metal should be clean and sound. A freshly
prepared surface may be cleaned by blasting with
compressed air. Usually, cleaning will be done by
sandblasting, waterblasting, scarification,
shotblasting, and other similaf methods. These methods
may provide not only a clean, but also a freshly
exposed, roughened concrete surface. One particularly
desirable method for preparing a clean concrete surface
is gritblasting. Serviceable grit for such purpose can -
include, aluminum oxidé, steel shot, slag, quartz sand,
silica and silicon carbide. Where sandblasting or
gritblasting has been used, this can be followed by
waterblasting or cleaning with compressed air for grit
removal. Such provides a suitably desirable clean and
rough surface for augmented bond strength between the
concrete and applied metal layer.

In the surface preparation, the blast media should
desirably roughen the surface. This can provide a
surface texture, as by abrading the concrete. Extreme
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abrasion can, however; be deleterious and weaken the
concrete. Thus removal of about 1/8 inch to 1/16 inch
of the abraded portion of the surface is usually
serviceable. The resulting surface texture can provide
for enhanced adhesion and integral attachment of the '
subsequently applied coating on the concrete, as well as
provide for good electrical contact between the concrete
and the applied coating.

When a freshly exposed and roughened clean surface
has been obtained, a surface coating is then applied to
the concrete. For the metallic coating, it is a
thermally sprayed, non-corroding and electrochemically
active metallic coating. To be non-corroding, the metal
of the surface coating should have a corrosion rate of
less than about 0.05 mil per year when polarized

. anodically, at a current density of at least about 10
milliamperes per square meter (mA/m?). Thus a metal such
as zinc which has a corrosion rate of about 1 mil per
yvear under such conditions is completely unsuitable.
6ther such metals as magnesium and aluminum, as well as
alloys such as zinc-aluminum alloys, babbitt, 316
stainless steel or 420 stainless steel, which have a
greater corrosion rate than 0.05 mil per year, are not
utilized. Metals which are non-corroding, i.e., have
the above-defined low corrosion rate, can be serviceably
employed in cathodic protection of the concrete
reinforcing metal. Such cathodic protection will
connect such reinforcement metal and the applied metal
coating in an electrical circuit containing a power
supply.

It is also important that the applied coating on

+ the concrete be an active metallic coating. By being
"active" as the term is used herein, the metallic
coating is capable of freely and easily passing anodic
current for an extended period of time, typically
several years, e.g., 2-5 years or more, while being non-

ap
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Abeno- ku, Osaka, Japan, a Japanese Com interruption mechani sm

conplicated and to 45 pany, do hereby declare the invention, for
increase the size of the circuit interrupter. 5 which we pray that a
patent may be granted Anot her object of the invention is, accord-

to us, and the nmethod by which it is to beZingly, to provide an inproved

circuit inter- ) .-
corroding, when the reinforcement and the metallic

coating are electrically connected. As explained
hereinabove, such active metallic coating may be a metal
that is activated. An example of a metal that is $
activated is a metal to which there is applied an
electrochemically active coating.

A metal of particular interest is titanium metal.
Titanium metal has a corrosion rate of less than 0.05
il per year when polérized anodically. As a suitable
active metallic coating, it is contemplated that the
titanium metal will virtually always be activated such
as by applying an electrochemically active coating to

‘ the metal, as will be discussed further on hereinbelow.

- Typically, in addition to titanium, suitable
metals include the valve metals, but excluding aluminum.

. More particularly, these valve metals, in addition to
titanium, are tantalum, niobium, zirconium, hafnium,
molybdenum and tungsten. Additionally, any of these
metals may be utilized as their alloys or intermetallic
mixtures. These can be alloys or mixtures among the
valve metals themselves, as well as with other metals.
These will be employed so long as the appropriate
criteria, e.g., the alloy or mixture being non-
corroding, are met. All of these valve metals or alloys
or the like may be activated by application of
electrolytic coating. For economy, as well as
efficiency of cathodic protection, titanium is the
preferred valve metal. It will usually be referred to
herein when specifying a metal, particularly a metal
that is activated, although it will be understood that
metals other than titanium could be employed. 1In
referring to titanium, it will usually be termed the
"representative" metal.

It is to be understood that mixtures of metals can
also belapplied. For mixtures of metals, the mixtures
may take the form of doping. As representative, a metal
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devel oped between a
may be doped with typlcally from 2 to as much as 20

weight percent or more of an additional metal. As an
example, this could be doping of titanium with one or
more of nickel, chromium, manganese, tin or iron. ﬁs
representative, U.S. Patent 4,849,085 discusses ffame
spraying a powder mixture of 9% nickel powder and 91%
titanium powder.

The metal coating will be achieved by means which
'include thermal spray application. This will most
always be flame spraying or electric arc spraying. Thus
the feed material will most always be in wire form,
although the use of a similar form, e.g., rod form, is

‘ contemplated. In electric arc spraying the wires,

- suitably as two consumable wires, can serve as
electrodes. The wires may be in alloy form, e.g., where

. an active metal as an alloy is being thermally
deposited. In some instances, plasma spraying may be
the thermal spray operation of choice. For example,
where a metal is readily available in particulate form,
such as in elemental form or as a mixture as represented
by a mixture of nickel and titanium metal powders, then
plasma spraying of such particulate form material can be
most serviceable. Also, spraying of an oxide material
can most always be by plasma spray application. Oxide
materials, or just "oxides", which may also be otherwise
referred to herein for convenience as "ceramic oxides",
can be useful as activéting materials, and will be
discussed in greater detail hereinbelow.

Whether the metal feed is in wire form or the like,
or in particulate form, the metal impacfing the concrete
will be in particulate form such as droplets of molten
metal or semi-molten metal in plastic form. Thus for
convenience, application may be referred to herein as
material applied in particulate form. In plasma
spraying, the metal is melted and sprayed in a plasma
generated by heating with an electric arc of ionized
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repul si on devel oped between a stationary and stationary and a novable

contact arm upon a novabl e contact assenbly serves to shorten the
occurrence of a shortcircuiting fault. the interruption period and so
provi de a cur- Anot her object of the invention is to pro- 55 rent
limting effect. vPde an I mproved circuit

i nterrupter i cIu .
P n (i é%ses to high temperatures, e.g., argon or

nitrogen, optionally containing a minor amount of
additional gas such as hydrogen or helium. In such
spraying, and more particularly in arc spraying and
flame spraying, nitrogen is the preferred inert g%s, and
without being in admixture with other gases. It is to
be understood by the use herein of the term "thermal
spraying" that although electric arc spraying is

‘preferred, the term is generally used for convenience
and is meant to include generally high velocity oxyfuel
spraying, flame spraying, plasma spraying, or detonation
gun spraying. Also, the spraying may simply be referred
to as "melt spraying".

The spraying parameters, such as the volume and
temperature of the spray, the spraying distance, the
feed rate of the constituents being sprayed and the
like, are chosen so that, for the spraying of metal, it
is melted by and in the spray stream and deposited on
the concrete surface while still substantially in melted
or semi~plastic form. Representative spray parameters
can include a standoff of from about 2 1/2 to 6 inches.
Less than about 2 1/2 inches may lead to deleterious
heating of the substrate, with accompanying substrate
degradation such as spalling or cracking. A standoff of
greater than 6 inches may lead to inefficient deposition
and poor particle adhesion to the substrate. Usually
the spray gun will be swept across the concrete surface
at a gun speed of from about 100 to about 800
millimeters per second (mm/sec), or more generally at a
gun speed of from about 200 to about 500 mm/sec. This
speed, plus the material feed rate and the number of
passes of the gun over the same area of concrete, will
in large part determine the thickness of the resulting
coating. Generally, at a gun speed of from about 100 to
about 400 mm/sec. from 1 to 3 passes will be made with
the gun when spraying the representative titanium metal.
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15. A general object of the invention is to pro- a stationary and a
novabl e contact arm di s- vide an inproved circuit interrupter of the
posed so as to increase an el ectrodynam c type wherein, upon
interruption of a flow of force devel oped between the two contact arns
shortcircuiting current an el ectrodynam c Q. upon shortcircuiting the

associated load,cir- 60 -
However, for thin coatings faster gun speeds at only

one pass or so, can be desirable. Typically, spray
parameters like those used in the examples give
satisfactory results. Usually, the concrete surfé%e
during melt spraying is maintained near ambient
temperature. Usually simply allowing the substrate to
air cool between spray passes will be sufficient to
maintain an ambient temperature substrate. For some

" applications, e.g., applications at low ambient
temperatures or for substrates with high moisture
content, it may be useful to preheat the substrate
surface before thermal spray application. This can be
done by using the spray device, but without a material

. feed, although other means are contemplated. Preheating
of a substrate can enhance the bond between the applied
metal coating and the substrate.

Although the spray feed material may be in other
form, e.g., particulate form, it is typically in wire
form. For the representative metal titanium, it will
typically be about a 0.05 inch to about a 0.2 inch
diameter wire. The wire may be pretreated, such as to
enhance the application of an active metallic coating.
Pretreatment of titanium feed wire for arc spraying has
been described in U. S. Patent No. 5,066,513. In powder
form, the titanium might have a particle size range of
0.1-500 microns. Particulate metals having different
particle sizes should be equally suitable so long as
they are readily spray applied. The constituency of the
particies is usually virtually all, to all, metal. For
titanium, as particles or wire, the titanium might be
one of several grades most usually grade 1 titanium or
an alloy of titanium.

The thermally sprayed metal can have a thickness on
the concrete of from about 20 microns to on the order of
150 to about 200 microns. A coating thickness of less
than about 20 microns may result in non-uniformity of
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pul si on devel oped between a stationary and cuit and to utilize efficiently
the increased 20 a novabl e contact arm separates the novabl e

el ect rodynam c force. armfromthe stationary armat a high speed to
A-further object of the invention is to pro- provi de a current
liniting effect. vide an inprovéd circuit interrupter of electro-

the coating and can result in increased electrical
resistance of the coating. On the other hand, for
economy, the thickness of the applied metal will not
exceed about 200 microns. For the representative ¢
titanium metal, a coating thickness within the raﬂbe of
from about 25 to about 100 microns can be suitable. In
plasma spray application of titanium powder, this can be
readily achieved in typically one to two passes of the
.spray gun over the concrete surface, e.g., at a gun
speed of 400 nmm/sec. If due care is not exercised,
coating thicknesses above about 150 microns may lead to
some potential metal delamination for titanium metal.

" Thus, coating thicknesses above about 150 microns are

- less usual. Advantageously, for enhanced economy, plus
efficiency and extended cathodic protection for the

\applied metal, the metal will be present on the concrete
surface at a thickness within the range from about 25 to
about 100 microns.

The applied metal coating will generally have a
porosity typically from at least about 5%, but not
exceeding about 30%. The characteristic of porosity is
particularly serviceable for applied metals wherein an
active material is applied to the metal. Porosity
assists in providing for penetration of any applied
activating coating .into the applied metal, thus
enhancing electrochemical activity of the overall
coating. A porosity of the applied metal of less than
about 5% will be insufficient to provide for desirable
activation coating penetration. On the other hand, a
porosity for the metal of greater than about 30% may
lead to uneconomical application of the active coating
onto the concrete, rather than on the metal.
Advantageously for enhanced deposition of active
coating, the metal will have a porosity of from about
10% to about 25%. The applied metal should have a bond
strength with the underlying concrete of at least about

i
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A-further object of the invention is to pro- dynam c repulsion type

I ncl udi ng a novable 65 vide a circuit interrupter which is of snal
contact arm divided into two portions and 25 size and has a high

interruption performance. rotatable whilg, nmaintaining contacting of the
It is well known that a two point interrdp- two divided portions at the

di vi ding poin%o pounds per square inch (psi). Moreover, to maintain
good coating integrity, as on surfaces that may be
subject to abrasion or other rough treatment, and again
particularly on non-horizontal surfaces, it will be?
advantageous for the applied metal to have a bond ‘'
strength with the underlying concrete of at least about
100 psi. It will, however, not be unusual for the
metallic coating to adhere to the underlying surface
‘with a much greater bond strength, e.g., 200 to 500 psi
or more. Bond strength as discussed herein is such
strength as determined by measurement with an Elcometer
adhesion tester, as will be described hereinbelow in

- connection with the examples.

- When a clean surface or freshly exposed clean
surface of the underlying concrete has been prepared,
subsequent coating may be initiated by first application

‘of an activating material, followed by application of a
conductive coating over the first applied activating
material. Where coating of the concrete is initiated
with activating material, the résulting concrete may be
referred to herein as an "activated concrete surface".
For this surface activation, there may be applied to the
concrete surface the activating material either in
ligquid form, usually as a precursor composition, or the
activating material can be applied in solid form. In
either form, the resulting coating can be in adherent,
electrical contact with the concrete. As an example of
solid form application, a freshly prepared concrete
surface could have applied thereto a coating of solid
ceramic oxide. This could include application by
thermal spraying, or other application technique. Thus,
in thermal spray application, a solid material such as
magnetite may be a first layer thermally sprayed onto
the prepared concrete surface. As representative of
surface activation by liquid application, a solution of
cobalt nitrate hexahydrate could be applied to the
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tiion mechanismis effective for reducing the whereby to effect snpoth

Interruption at a high Interruption period and |imting the current
speed. 70 fl owi ng, the
i nterrupter resulting in an increase Algtill further object of the

invention is to 30 in performance. provi de an

| mproved Circuéénépé€EEUp&§£sOLype of activation will be discussed in
greater detail hereinbelow. After application in either
liquid or solid form, the application could be followed
by applying an overlay, as by thermal spraying, of &
metal. Such a coating overlay could be the applidation
of the representative titanium metal. The first applied
coating might be an active coating containing additive,
e.g., a spray applied oxide applied together with '
"niobium or tin as a dopant.

Where the first applied coating is an active
coating applied in solid form, e.g., a thermally
sprayed, tightly adherent surface activation layer, it

" should have characteristics of the applied metal. Thus,

- it should have adhesion to the concrete substrate of at

. least 50 psi. It may be a very thin coating, i.e., on
the order of about 20 microns. Usually for economy,
such first applied active coating will have a thickness
not exceeding about 100 microns. However, such first
applied active coating in solid form can have extensive
porosity, e.g. up to about 50%, or even more. However,
it is to be understood that a completely non-porous
solid form first coating can be utilized, although for
economy such is typically avoided.

When the first applied coating is the active
coating, and the overlay will be applied metal, such
applied metal may be porous, as where there will be
subsequent treatment of the active coating, as described
hereinbefore, or it may be non-porous, e.g., when no
further treatment of the active coating is contemplated.
Since the activation has been initiated before the
application of the metal, deposition of active material
within the subsequently applied metal will usually not
be of consideration. When the metal is the overlay on
an activating layer, the metal topcoating can have a
thickness on the order which is similar for such coating
as first applied, e.g., from about 20 to about 200

e
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The:.conventional type of circuit interrupters electrodynam c repul sion
type wherein a | oss for interrupting a flow of current therethrough
of the electrodynam c repul sion due to fric- at two points incJudes a
bridge type novable tion is reduced and a space occupied by con- 75
contact device generally conprising eitherld ductors constituting a

stationary contact arm . .
microns. The adhesion of such metal topcoating should

also be at least on the order of the adhesion of a solid
underlayer to the concrete substrate, to maintain
integrity of overall coating longevity. Also by ¢
£ providing a tightly adherent metal overlay on the‘

surface activation layer, there is maintained not only
integral attachment but also desirable electrical
contact from the concrete to the overlay. Although the
‘active layer can be the first applied coating and the
next layer can be an applied metal overlay, it will be
understood that there may be some intermingling of these
materials without a clear and uniform distinction

" between layers. Such intermingling of materials can be

- enhanced by the porosity of the first layer.

Where the underlying concrete has been prepared for
coating, it is also contemplated that the active layer
and the metal may be applied simultaneously. This can
also. provide for intermingling of applied materials.
Thus in an application such as thermal spray technique,
an activator material in solid form can be thermally
sprayed onto the concrete while at the same time a metal
is being sprayed onto the concrete. The resulting
overall coating can be a non-porous coating, although
some porosity, e.g. on the order of as little as 1% to
as much as 5 percent may be present in the coating owing
to the coating application technique. When jointly
applied as an active léyer plus applied metal, the
resulting joint coating will typically have an adhesion
to the underlying concrete the same as for the coatings
applied individually, i.e., a bond strength of at least
about 50 psi. Coating thicknesses for the jointly
applied materials will usually tend to run towards the
higher levels of thicknesses for the individually
applied layers, e.g. jointly applied coating thicknesses
on the order of 100 to 200 microns.
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35, single novable contact armhaving a pair of decreases to permt the

circuit interrupter to novabl e contacts carried at both ends, or a be
made in a snall size. novabl e contact arm divided into two por-
The present invention consists in a circuit tions. Such a single

movabl e contact arm interrupter conprisitg a stationary contact 80

The ceramic oxide solid form activating material,
which may also be referred to herein as the "conductive
oxide", and that might be utilized in the melt spray
procedure can be in particulate form, e.g., titaniuf
oxide powder. Such powder may be sprayed from
commercial non-conducting oxide, but deposit as a

" conductive sub-oxide. This can be influenced by the
application temperature, and in spraying, such as plasma
'spraying, by the composition of the plasma gases. The
oxide as a powder can have a particle size that
correlates generally to the particle size that would be
used if the corresponding metal were being sprayed. For

* example, titanium oxide powder might have a particle

_size within the range of 0.1-500 microns.. The size of
the oxide powder can also be varied in the melt spray
. operation to control the resulting density of the oxide
\layer. More finely divided powder generally provides a
more. dense, less porous layer. In addition to the
thermal spraying providing conductive valve metal
oxides, e.g., titanium suboxide, tantalum oxide and
niobium oxide, it is also contemplated to thermally
spray other materials including, but not limited to,
titanates, spinels, magnetite, tin oxide, lead oxide,
manganese dioxide and perovskites.

It is also contemplated to thermally spray together
the active material and the metal. Thus mixtures may be
applied, e.g., mixtures of metals and active material,
such as a premix of blended powders sprayed from a
single spray gun. As representative, titanium could be
in a mixture with at least one other metal, and this
mixture could be extended to include at least one oxide
of a metal. Also, the metals and active materials may
be cosprayed, e.g., each sprayed from a separate gun,
but at the same time, to mix together on the concrete
surface, or sprayed in layers, for example a metal layer
sprayed onto a spray applied oxide layer. Where the
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generally increased the inertia of the novable armon the source side and
a stationary con- 40 parts and was not suitable for high speed tact arm
on the | oad side, one stationary con- separation of contacts. Al so the
two part nov- tact carried on each of the stationary contact abl e
contact arm was not suitable for the arifs, a novabie contact assenbl y

bl . . $97 g ;
separably spray application will result in layers, the top layer

could be a metal or cosprayed layer.

Where the concrete has been prepared for coating,
and metal is applied, a subsequent treatment can beﬁused
on the metal coating for activation. This can be
application of activating material in liquid form. 1In
such procedure, and regardless of whether the liquid
form activating material is applied directly to the
‘concrete or to metal applied to the concrete, it is
contemplated that such treatment can be performed by any
technique useful for depositing a liquid coating onto a,
substrate surface. Most always painting, as by brush or

" spray application, will be used.

- These techniques will also be useful where the
activating material is applied directly to the concrete
.and a metal coating is applied, but there will be a
subsequent treatment of the active coating. Such
techniques can be utilized when applying further liquid,
e.g., water, as to a porous titanium coating for best
underlayer activation of a first-applied activating
material. '

Curing of applied coating, can follow application.
For example, where a representative titanium metal
coating is first applied to the concrete and then a
liquid precursor composition convertible to an
activating material is 'used, e.g., a precursor
composition solution of cobalt nitrate hexahydrate, the
applied composition may be subject to thermal
activation. This will result in thermal deposition of
an electrochemically active coating on the titanium
metal. Heating provides for effective thermal
conversion of the metal ions in the precursor
composition to electrochemically active metals or metal
oxides, e.g., cobalt oxide. This thermal conversion may
be accomplished such as by flame or infra-red heating.
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Other liquid precursor.compositions can also be
utilized. 1In addition to cobalt, these can contain
coating ingredients , e.g., metals in solution, such as
represented by manganese, iron, tin, precious metalg,
e.g., platinum, and the like. : )

It is of particular interest, where the precursor
composition for the activating material has been applied
to either the concrete, or to the metal, or to both, to

'polarize the metal anodically to affect deposition of

the active material in electrochemical active form,
e.g., as oxides. As an example, cobalt nitrate
hexahydrate precursor composition can be applied as an

" aqueous solution to thermally applied, representative
- titanium metal. The titanium metal can then be

energized by anodic polarization to affect deposition of
cobalt oxide at the surface of the titanium metal. Or
the cobalt solution can be applied to the concrete. It
will- soak into the concrete so that the subsequently
thermally applied metal, e.g., the representative
titanium metal, will have the desired adhesion to the
concrete, as discussed above. Then the titanium metal
can be energized and effect cobalt oxide deposition on

" the portion of the titanium metal which faces the

concrete. For efficiency, it is advantageous for any
such anodic polarization that the metal be polarized at
a current density of at least about 1 mA/ft2.

As a representati&e of active materials that may be
used, e.g., applied to the metal, some of which have
been mentioned hereinbefore, are those provided from
platinum or other platinum group metals or they can be
represented by active oxide coatings such as platinum
group metal oxides, magnetite, ferrite, cobalt spinel or
mixed metal oxide coatings. Such coatings have
typically been developed for use as anode coatings in
the industrial electrochemical industry. Suitable
coatings of this type have been generally described in
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one or more of the U.S.'Patent Nos. 3,265,526,
3,632,498, 3,711,385, and 4,528,084. The mixed metal
oxide coatings can have at least one oxide of a valve
metal and at least one oxide of a platinum group meéél.
The mixed oxides can often include a platinum grodp
metal including platinum, palladium, rhodium, iridium
and ruthenium or mixtures of these as well as mixtures
with other metals. Further coatings can comprise tin
‘oxide, nanganese dioxide, lead dioxide, cobalt oxide,
ferric oxide, platinate coatings such as M, Pt,0, where M
is an alkali metal and X is typically targeted at
approximately 0.5, nickel-nickel oxide and nickel plus
" lanthanide oxides.

For application to concrete, e.g., spraying of
either metal or ceramic oxide, the application is to
. almost always provide an essentially continuous coating,
but one which may have porosity as above discussed.
'However, it is contemplated that the application may be
other than continuous, such as in strip form, e.g., have
unsprayed areas between sprayed strips, forming a grid
with exposed areas of concrete between the sprayed
strips, or in some other partial coating pattern on the
substrate.

When coating of the concrete surface has been
completed, the electrical resistance of the coating
should be within the range from about 0.1 to about 20
ohms/sq. That is, a séuare centimeter after coating
should have a resistance within such range when measured
across the one centimeter dimension of the square. An
electrical resistance of less than about 0.1 ohms/sq.
can be uneconomical. An electrical resistance of
greater than about 20 ohms/sg. is insufficient to carry
the current without excessive voltage loss. Preferably
the electrical resistance of the coating for an active
metal coating utilizing the representative metal

N
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titanium, will have an electrical resistance of from
about 0.1 to 1.0 ohms/sq.

Where the coating on thg concrete will serve as an
anode means, the coating may be covered. It may hate a
covering such as of paint or concrete. Also wheré the
coating will serve as an anode, there can be connected
to the anode a current iead, e.g., a metal wire or
strip. This anode may then be connected by the current
"lead in an electrical circuit with a power source and to
the concrete reinforcement. Where the coating of the
concrete is initiated by application of activating
material, the next applied layer is an electrically
: conductive overlay which is virtually always an applied
metal overlay. However, it is also contemplated that
such next applied layer can be other than a metal, such
as an electrically conductive paint, including paints
‘ such as ceramic-oxide-containing paints, including
mixed-metal~oxide-containing paints and carbon-
containing paints where such substances as the oxides
and the carbon are intimately mixed in the paint. 1In
any case, the activation layer and the'overlay are in
adherent, electrically conductive contact with one
another.

In addition to being serviceable, it is to be
understood that the resulting coating can be decorative.
Hence, a titanium coating on concrete may provide a
pleasing metallic blue finish to a concrete surface.
Other color tones of the coated concrete can include
gray and gold tones. )

The following examples show ways in which the
invention has been practiced but should not be construed
as limiting the invention.

EXAMPLE 1
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engaging a pair of the stationary contacts in ternms of a three-pole

circuit interrupter it to bridge the latter, an operating nechanism is
to.be understood that it is equally appli- for engagi ng and di sengagi ng
t he novable con- cable to circuit interrupters having any desire tact

assenbly with and from the stationary . nufiter of poles.

For test purposes, concrete blocks were used which
were prepared from Type 1 Portland cement, silica sand
fine aggregate 'and 1 inch minus coarse aggregate in a
weight proportion of cement to sand to coarse aggreéhte,
on a per cubic yard basis, of 1:2:2.95. Each block
measured one square foot by six inches thick. Each
concrete test block thereby provided a one-square foot
test surface. Each block contained eight steel
‘reinforcing bars running through the length of the block
and extending outwardly from the block at each end of
the bar. One set of four steel bars was located one
inch below the test surface and the bars were spaced

: apart on 2 1/2 inch center-line distance. A second set

- of four bars was parallel to the first set, one inch
above the bottom surface of the block. The one square

‘foot test surface of the block was grit blasted to
remove laitance. More particularly, the test surface
was blasted with grit of No. 20 Al,0, at 70 psi, using a
4 inch standoff and at a 45°-60° angle. The resulting
surface was then cleaned of grit using compressed air.

After compressed air cleaning, of a concrete test
block, it was flame sprayed using an oxy-acetylene flame
with a 3.2 mm. diameter grade 1 titanium wire feed, and
a Metco 10E flame spray gun. For the flame spraying,
the gases used, and conditions, were: oxygen at 30 psi
and flowmeter at 15; acetylene at 15 psi and flowmeter
at 30; compressed air at 65 psi and flowmeter at 53.

The titanium metal was applied in 4 passes at a gun
speed of 300 mm/sec, and at a standoff of 6 inches. The
weight of the titanium metal consumed was 70.8 g/ft2.
The bond strength between the flame spray applied
titanium layer and concrete substrate was evaluated.
This was done by an Elcometer Adhesion Tester Model No.
106 which tested adhesion by pulling a test dolly that
had been epoxy glued to the coating away from the
substrate. The coating thus produced had a bond
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5 .contacts, rel easabl e neans for separating the Referring now to the
dfawi ngs and nore 70 novabl e contact assenbly away from the
particularly to Fig. 1 thereof, there is illus- stationary contacts,

"and trip neans responsive trated a circuit interrupter enbodying the

to a flow of overload current through the cir 21pr|n0|ple of the invention.
An arrangenent

strength of 208 psi, as measured by the Elcometer
adhesion tester, and a resistance of 0.15 ohms/square.
The coating was porous (estimated at 80% dense from
photomicrographs) and had a measured thickness of 100
microns (4 mils) using a photo- micrograph scale of
cross sections. Thus, titanium metal as a wire feed to
a flame spray gun can be suitably applied to concrete.
The application results in a serviceable titanium metal
coating having acceptable adhesion, porosity and coating
thickness.

The concrete and titanium metal coating described
above were then energized anodically in an outdoor test
yard at a current density of 2.0 mA/ft? by attaching one
lead of a constant current power supply to the coating
and the other lead to the concrete reinforcement. After
one month on-line, the concrete block was operating at a
voltage ranging from 2.5-4.0 volts. The electrode
potential of the titanium coating was 1230 mV vs. a
saturated calomel reference electrode, and the electrode
potential was slowly drifting more anodic with time.
After 200 days on-line, the voltage had elevated to 6
volts and the coating potential was 1800 mV vs. the
reference electrode. Hence, the uncatalyzed titanium
provides only threshold cathodic protection, since its
potential is high and it is slowly passivating with
time. '

EXAMPLE 2

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1. It was flame sprayed with grade 1 titanium
using the wire_feed and a Metco 10E flame spray gun, and
while using the oxygen, acetylene and air conditions all
as described in Example 1. The titanium metal was
applied in 3 passes at a gun speed of 500 mm/sec, and a
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cuit interrupter to release the rel easable neans, illustrated conprises a
housi ng nmenber 10, an 10 the novabl e contact assenbly al so bei ng separ-
upper cover nmenber 12, detachably closing 75 able away fromthe

stationary contacts through t he upper end of the housing and a | ower cover
an cl ectrodynam c repul sion devel oped be- 22renber 14 al so detachably

cl osing the | ower
standoff of 4-1/2 inches. The weight of the titanium

metal consumed was 42.5 g/ft?. The coating thus produced
had a bond strength of 100 psi, and a resistance of 0.17
ohms/square. The coating was porous (estimated a;'%o%
dense) and had a measured thickness of 75 microns (3
mils), measured as described in Example 1.

The titanium metal coating was then painted with an
aqueous solution containing 300 g/1 of cobalt nitrate

" hexahydrate, (Co(NO,),) 6H,0. This coat was allowed to
air-dry, and a second coating of the same solution was
applied. A total of 14-1/2 ml of solution were used,
resulting in an application of 0.88 g/ft? of cobalt to

"-the titanium metal coating.

- The concrete block was then energized anodically in
an outdoor test yard at a current density of 2 mA/ft? in
the manner as described in Example 1. This polarization
caused cobalt oxide to be deposited within, and at the
electrochemically active surfaces, of the titanium metal
coating. The concrete block and the coating were
maintained in this energized state and after one month
on-line the block was operating at a voltage of 1.3
volts. The electrode potential of the activated coating
was ranging from 580-600 mV vs. a saturated calomel
reference electrode, and was stable with time. After
150 days on~line, the voltage was still 1.3 volts and
the coating potential ws 600 mV vs. the reference
electrode. This exampie shows how a cobalt activated
flame sprayed titanium metal coating can provide for
cathodic protection of the block in a low voltage, low
potential and stable operation.

EXAMPLE 3

A concrete block, as described in Example 1, was
blasted with no. 40 black slag grit at 80 psi to roughen
the concrete and provide a newly exposed surface. After
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tween the stationary contact arnms and the end or the housing, all the

menbers bei ng novabl e contact assenbly i medi at-ely upon fornmed of any
suitable electrically insulating 15 the occurrence of very high current
fllowing material by noulding technique. The hous- 80 t hrough the

circuit interrupter, wherein said ing nefBer 10 includes a nounting plate

16
compressed air cleaning, it was electric arc sprayed

using a Hobart-Tafa Model 8830 electric arc gun with an
extra-fine Red Nozzle spray tip. Air usage was 35 CFM
(cubic feet per minute) at a pressure of 60 psi. cfade
1 titanium fed as two 1.6 mm diameter wires was sérayed
onto the concrete in a single pass at a gun speed of 164
mm/sec and a standoff of 6 inches. Titanium consumed
under these conditions was 89.7 g/ft?’. The coating thus
'produced had a bond strength of 269 psi, and a
resistance of 0.35 ohms/square.

The titanium metal coating was then painted with an
aqueous solution containing 300 g/l cobalt nitrate
hexahydrate. This coat was allowed to air dry and a

- second coat of the same solution was applied. A total
of 33.7 ml of solution was used resulting in an
application of 2.04 g/ft? of cobalt to the titanium metal
coating.

“The concrete block was then energized indoors in a
chamber with 80-90% relative humidity at a current
density of 2.0 mA/ft? in the manner as described in
Example 1. This polarization caused cobalt oxide to be
deposited within, and on the electrochemically active
surfaces of the titanium metal ccating. The concrete

" block and the coating were maintained in this energized
state and after 20 days on-line the block was operating
at a voltage of 1.65 volts. The coating was operating
at an electrode potentfal of 730 mV vs. a saturated
calomel reference electrode and was stable with time.
This example shows how a cobalt activated electric arc
sprayed titanium metal coating can provide for cathodic
protection of the reinforced concrete block with a low
operating voltage, low electrode potential, and stable

operation.

EXAMPLE 4
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novabl e contact assenbly is split into a pair which my be fornmed of the
sane material as of bilaterally symretric novable contact arns the
menbers 10, 12 and 14 and dividing the rotatably carried on at | east
one hol der plate interior of the housing nmenber 10 into an 20 by a pair
of supporting pins, each of said nov- uppé&4 and a | ower conpartnent.

85 .
A concrete block, as described in Example 1, was

blasted with No. 20 aluminum oxide grit to roughen the
concrete and provide a newly exposed surface. After
compressed air cleaning, it was electric arc sprayeé
using a Hobart-Tafa Model 8830 electric arc gun. ‘The
metal sprayed was grade 2 titanium in wire form. The
metal is sprayed onto the concrete in a double path at a
gun speed of about 10 inches/sec, a standoff of 6 inches
'and an electrical current of 150 amps. The titanium
wire consumed under these conditions was 56 g/ft?. The
coating thus produced had a bond strength of 210 psi.

Two additional concrete blocks were prepared for

" coating as described above. For one block, 24 hours

- before the application of the titanium coating, the
concrete block was painted in the manner of Example 3
with cobalt nitrate hexahydrate to provide a coating of
1.3 g/ft? of cobalt to the concrete. An additional
concrete block was prepared in the same way, but the
coating providing the 1.3 g/ft? of cobalt on the block
was applied 15 minutes before the application of the
titanium coating. Both blocks then had titanium applied
in the manner as described hereinabove.

The block first prepared as described hereinabove
with the titanium coating directly on the concrete, was
then treated in the manner described hereinbefore by
painting the cobalt nitrate hexahydrate solution on the
titanium metal coating to provide 1.3 g/ft? of cobalt to
the applied titanium metal. All three concrete blocks
were then energized indoors at a current density of 2.0
mA/ft? in the manner as described in Example 1. This
test continued for five days and the blocks were then
monitored for cell voltage. The block which was
activated with the cobalt-containing coating that had
been applied over the titanium metal coating, was
operating at a cell voltage of 1.8 volts. The two
blocks which had the cobalt coating applied directly to
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abj e contact arns having a contact bearing As best shown in Fig. 2,

three stationary surface in substantially the sane plane as a contact
assenbl i es generally designated by the contact bearing surface on the
ot her novable reference nuneral 20 are di sposed on the | ower cont act

arm inits closed position, a spring s@rPface as viewed in Fig. 1 of the

mountin . . .
g the concrete block, prior to the titanium coating,

exhibited unacceptable readings. The block coated with
the cobalt-containing coating 24 hours before the
titanium metal spray coating had a voltage of 7.2 vdlts
and the block coated with the cobalt solution 15 minutes
before applying the titanium coating had a voltage of
7.0 volts.

For these two blocks with unacceptable voltages,
itap water was sprayed on the exposed titanium surface of
the blocks. The cell voltages were then taken two days
later with the block having the cobalt solution applied
on top of the titanium layer still providing an

" acceptable 1.62 volts. The other two blocks were also

- demonstrating acceptable voltages. The block coated 24
hours earlier with cobalt solution before titanium

. application had a voltage of 2.03 volts while the block
-coated 15 minutes with cobalt solution prior to titanium
application had a voltage of 1.88 volts. After a
further week, these voltages for these three blocks,
respectively, were 1.58 volts, 1.79 volts and 1.82
volts. This example thus demonstrates successful
activation of the concrete surface for solution applied
directly to the concrete prior to application of the
spray applied titanium metal. However, water activation
is advantageous for best success. )

EXAMPLE 5

A coating of titanium metal was produced, on a one
square foot concrete block test surface prepared as
described in Example 1, for each of eight concrete
blocks. The feed metal used was a titanium powder
having particle size between 200 and 325 mesh. The
powder was 99.5% titanium, with a balance of impurities
including iron, carbon, nitrogen, oxygen and hydrogén.
The test surface was coated with the metal using a Metco
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25. connecting said pair of novable contact arns plate 16 in spaced
paral |l el relationship, one 90 to exert a contact pressure upon a
common for each pole. Each of the stationary contact poi nt on said
novabl e contact arns where they assenblies 20 is identical in construction
to contact each other, and upon the déﬁ%lopnent the other stationary

contact assenblies, and . .
plasma spray gun equipped with a GH spray nozzle. The

spraying conditions were: a current of 500 amps; a
voltage of 45 - 50 volts; a plasma gas consisting of
argon and helium; a titanium feed rate of 3 pounds'ier
hour; a transverse spray speed of either 400, Soo‘or 800
millimeters per second (mm/sec.); an exposure of one
pass per block; and a standoff of 2.75 (4 blocks) or 4
(4 blocks) inches. Two concrete blocks had their test

' surfaces preheated before the plasma spray application
of the titanium layer. Preheating was done by one pass
with the plasma spray gun at a transverse speed rate of
400 mm/sec. and a standoff of 4 inches for one block and

- 2.75 inches for the other block.

. All coated surfaces, by visual examination,
appeared to be free from surface defects, and have a
uniform, but porous coating with no coating delamination

) from the concrete substrate.

. For coating a second set of the concrete blocks,
there was used a commercially available titanium powder,
having a median particle size of 325 mesh. The same
spray conditions were used as described above except
that an exposure of 2 passes per block were used for one
block, and for this block the titanium metal was applied
at a transverse spray speed of 400 mm/sec. and a
standoff of 2.75 inches. From the results of adhesion
testing for these samples, the adhesion between the
titanium layer and the concrete substrate was found to
vary from 275 psi to 400 psi. This example shows how
titanium metal as powder can be plasma sprayed onto
concrete to provide a desirable metal coating
preparatory to providing an electrochemically active
metallic coating. The titanium metal coating can have
desirable bond strength with the concrete, under a
variety of application conditions.

EXAMPLE 6 ~———
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of -said el ectrodynam c repulsion said pair of therefore one such an
assenbly for the central 30 novable contact arns are rotated in the oppo-
pol-e will now be described. The stationary con- 95 site directions
about the axes of the support-. tact asseghly 20 conprises a pair of outer
ing pins while one of said novable contac stationary contact arnms 21

di sposed in spaced goncrete test blocks as described in Example 1 were
prepared in the manner of Example 1 with the grit
blasting being conducted for 2 minutes and 10 seconds,
plus or minus 5 seconds. A first test block was 3

preheated in the manner described in Example 5 bu# using
a 3 inch standoff. Thereafter the coating applied on
the concrete block test surface was initiated with a
titanium oxide powder, having all particles more finely

‘divided than ~44 microns, +5.6 microns. The spray gun

and spray conditions were as described in Example 5,
e.g., one pass application, at a 400 mm/sec. transverse
spray speed, except that the plasma spray gas consisted

. of argon and hydrogen, the standoff was 3 inches and

titanium oxide feed rate was 7 pounds per hour.
Following this application, there was then applied to
the resulting titanium suboxide layer an over layer of

" titanium metal using the powder as first described in

Example 5. This titanium metal powder was plasma spray
gun applied, in three passes, in the manner of Example
5.

Subsequently, three more test blocks were prepared
with this titanium suboxide first layer, titanium metal
overlay combination. Each of the subsequent blocks were
preheated in the manner as above described at a
transverse spray gun speed of 500 mm/sec. For the
titanium suboxide application, the spray gun transverse
spray speed was at 400 'mm/sec. for one block and at 800
mm/sec. for 2 blocks, all at a 3 inch standoff. The
titanium metal powder top coating was applied as
described above in this example, including three passes
of the spray gun. .

For selected surfaces, the resulting combination
layer of titanium suboxide underlayer and titanium metal
overlay on the concrete blocks surface was found to have
a thickness of about 100 microns. Coating adhesion for
these blocks, measured in the manner as described in
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arms is maintained in rolling contact wwth the parallel relationship and
an internediate ot her novabl e contact arm thereby to sepa- -
stationary contact arm 22 interposed between 35 rate the said pair of
novabl e contact arns away and spaced frcnaéhe outer stationary contact 100
from the associated stationary contacts. arnms 21. All the stationary

contact arms 2lExample 1, was found to vary from 200 psi to 300 psi.
This example shows how such a combination layer can be
desirably prepared on concrete using plasma spraying.
The combination layer exhibits both desirable coatihg
thickness and bond strength. ¢

EXAMPLE 7

A concrete test block as described in Example 1 was

- provided with a titanium metal layer in the manner as
described in Example 5. The plasma spray applied
titanium metal layer on the concrete had a thickness of

~ about 30 microns and an adhesion to the concrete surface

. of about 300 psi, all as determined in a manner as
described hereinbefore. The titanium layer was then
coated with an aqueous sclution of manganese sulfate
(Mnso,) containing 100 gm/l (grams per liter) MnSoO,.
This. coating resulted in a loading of 1.1 gms of Mn per
square foot of titanium metal.

The test block was then energized by making the
coating anodic at a current density of 2.0 mA/ft.2. The
coating, when energized, operated at 2.0 mA/ft.? at a
single electrode potential of 545 mV vs. a saturated
calomel reference electrode, confirming good activation
of the titanium metal.

EXAMPLE 8

- A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1, except the grit blasting was at a 90° angle.
The block was arc sprayed using a 1.59 mm diameter grade
1 titanium wire feed in a Hobart-Tafa Model 9000 wire
arc gun fitted with a green air cap and a large cross
positioner. The carrier gas to propel the atomized

titanium onto the concrete surface was air at 60 psi.
e

———

et Has Been Re(laced

Tl



I n.the acconpanyi ng draw ngs: - and 22 are fitted into
electrically insulating Fig. 1 is an elevational view, partly in sec-
sl.eeves 24 respectively which are, in turn, tion, of a circuit
interrupter according to the secured in pggallel grooves (not shown) dis-
40 invention, posed on the nounting

.plate 16 in orq§r speed was 200 mm/séc at an index (jump) of 9 mm and

a standoff of about 4 inches (10 cm). Titanium consumed
under these conditions was 31.4 g/ft?. The coating was
produced at a bond strength of 283 psi and a resisténce
» of 0.33 ohms/square. Titanium weight gain, as medsured

by weighing the block before and after titanium
application, was 23.92 g/ft?, indicating a deposit
efficiency of 76.2%.
_ A second concrete block was prepared as above
described and titanium was applied using the conditions
as above described, except that the gun standoff was 4.5
inches, and nitrogen was used as the carrier gas. Under

- these conditions, the electrical resistance of the

- resulting applied titanium coating was 0.20 ohms/square.
Bond strength was still a desirable 233 psi. Moreover,
in addition to the improvement in electrical resistance,

5 the titanium weight gain was measured as 27.20 g/ft?,
indicating a deposit efficiency of 86.6%. These tests
demonstrate that the use of nitrogen as the carrier gas
resulted in a more efficient deposition of titanium,
providing a titanium coating which is thicker and more
conductive than coatings using air as carrier gas.
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Fi.g 2 is a bottomview of the interrupter to ensure that the stationary
contact arns are with a lower cover nenber for an arc- electrically
i hsul ated from each other. - ext i ngui shing chanber renoved and with a

As shown in Figs. 2 and 4, the outer movabl e ¢ t assenbly for one

pol e renoved stationary contact arns 21 &Pe brldged on one
AR Ill!

CLAIMS

-~

1, Coated concrete, coated with a thermally
sprayed, tightly adherent, non-corroding and
electrochemically active metallic coating.

2. The coated concrete of Claim 1, wherein said
metallic coating is coated on a roughened surface of

said concrete.

3. The coated concrete of Claim 2, wherein said
roughened surface is a surface roughened by blasting
X with one or more of alumina, steel shot, quartz sand,
silica, slag, or silicon carbide.

4., The coated concrete of Claim 2, wherein said
roughened surface is abraded and preheated.

5. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of at least about 50 psi.

6. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of between about 100 psi
and about 500 psi.

7. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating is integrally attached
to said concrete in adherent, electrical contact.

\\\
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45 . 10 expose the associated stationary contact end‘portloﬁ-by~an__ﬁ_‘
el ectrically conductive con- 110 assenbl y

taet block 26 having centrally nounted there- lﬂﬂ!’ 'Hu Jm””"l
fragnental side elevational view ‘on a st ionary i
el ectrically con- of a novabl e cont act senbly inits opera- fect ed

on the other end portions_to a term - -
P 8. The coa%eg]concrete of Claim 1, wherein said

metallic coating is porous.

9. The coated concrete of Claim 8, wherein si&id
metallic coating has a porosity within the range Of from
about 5% to about 30%.

10. The coated concrete of Claim 1, wherein said
‘metallic coating has a thickness within the range of
from about 20 microns to about 200 microns.

11. The coated concrete of Claim 1, wherein said
" metallic coating has a thickness within the range of
- from about 25 microns to about 100 microns.

12. The coated concrete of Claim 1, wherein said
non-corroding metallic coating has a corrosion rate less
than. 0.05 mil per year when polarized anodically, at a
current density of at least about 10 milliamperes per

sguare meter.

13. The coated concrete of Claim 1, wherein said
metallic coating has an electrical resistance within the
range of from about 0.1 to about 20 ohms/square.

~ 14. The coated concrete of Claim 1, wherein said
metallic coating is thérmally sprayed by one or more of
flame spray, electric arc spray, plasma spray, high
velocity oxyfuel spray, or detonation gun spray.

15. The coated concrete of Claim 14, wherein the
metal for said thermal spraying is in wire form.

16. The coated concrete of claim 15, wherein said
metal form wire is pretreated.

e
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ti.ve position where it has just been separated nal—plate 30 di sposed on
t he upper surface, as 50 fromthe associated statlo ﬂ‘ |y
viewed in Fig. 1, of the nmounting plate 16 115 53!“ %ﬂg!ﬂ“&m‘la

el ectrodynam c repul sion adjacent the ma55 of the h I 1eQ .M Th
devel oped t her ebetween, i nternedi ate stationary

contact arm22 is pyo. ppe coated concrete of claim 14, wherein said
thermal spraying is with nitrogen gas.

18. The coated concrete of Claim 1, wherein sdid

L] ’ ‘
coating is thermally sprayed on one or more of mortar,
grout or concrete.

19. The coated concrete of Claim 1, wherein said
‘metallic coating is a coating comprising one or more of
the metals titanium, tantalum, niobium, zirconium,
hafnium, molybdenum, tungsten, alloys of same and
intermetallic mixtures of same.

. 20. The coated concrete of Claim 19, wherein said
metallic coating is a metal coating of one or more of
. elemental titanium metal, titanium metal alloy, or

.~

intermetallic mixture containing titanium.

21. The coated concrete of Claim 20, wherein saig
titanium coating is an intermetallic mixture containing
titanium plus one or more of nickel, chromium,
manganese, tin or iron.

22. The coated concrete of Claim 1, wherein said
metallic coating comprises an overlay on an activated

concrete surface.

- 23. The coated concrete of Claim 22, wherein said
activated concrete surface comprises one or more of
titanium suboxide, magnetite, cobalt oxide, manganese
dioxide or lead oxide on said concrete surface.
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Fig. 3Bis a fragnental side el evational vided o one end portion,
I'nt er posed between vi ew of the novabl e contac t he
outer arns 21, with a contact block 32 55 operatqv !ﬂ l"'mi% llll '
about to return also having centrally _nounted: ereon b k
toits OFF position, % atlonary contact 28a. As shown
in Fig. 2, -
: 9 24. The coated concrete of Claim 1, wherein said
electrochemically active metallic coating comprises a
metal that is activated with an active material.
3

25. The coated concrete of claim 24, whereiﬁ said

metal is moistened in activation of said active

material.

26. The coated concrete of Claim 25 wherein said
active material comprises a platinum group metal or
contains at least one oxide selected from the group

: consisting of platinum group metal oxides, magnetite,
. and oxides of cobalt, manganese, and lead.

27. ‘The coated concrete of Claim 26, wherein said
active material contains a mixed oxide material of at
least one oxide of a valve metal and at least one oxide

of a platinum group metal.

28. The coated concrete of Claim 1, wherein said
concrete is reinforced concrete and said metallic
coating is connected in an electrical circuit with the
reinforcement.

29. The coated concrete of Claim 1, wherein said
metallic coating comprises an anode means.

30. The coated concrete of Claim 1, wherein said
metallic coating is present on said concrete as strips
forming a grid of strips with open spaces between the
strips exposing underlying concrete.

31. Coated concrete coated with a thermally
sprayed, tightly adherent surface activation layer on

T
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Fig: 3Cis a fragnental side elevational each of the'outer aFﬁ§*2rﬁ1r———
provided on its vi ew of the novabl e contact assenﬁl
carresponding to the m ddl e between operative p05|t “ﬂ H“EH” Hlng
operation the stationary contacts 28 and gga with an'el en-c
conpleted and it is in OFF, posi- gated rectangular slot 38 for t he
purpose here- H¥r concrete surface, and a thermally sprayed, tightly
adherent and non-corroding metal overlay on said surface
activation layer.
1
32. The coated concrete of Claim 31, wherein said
surface activation layer comprises one or more of
thermally sprayed titanium suboxide, magnetite, cobalt
oxide, manganese dioxide or lead oxide on the concrete

'surface.

33. The coated concrete of Claim 31, wherein said
tightly adherent metallic overlay is integrally attached
. to said concrete in adherent, electrical contact.

34 . The coated concrete of Claim 31, wherein said
metallic overlay is porous.

.

.35, The coated concrete of Claim 34, wherein said
metallic overlay has a porosity within the range of from
about 5% to about 30%. ’

36. The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of
from about 20 microns to about 200 microns.

37. The coated concrete of Claim 31, wherein said
metallic overlay has a‘thickness within the range of
from about 25 microns to about 100 microns.

38. The coated concrete of Claim 31, wherein said
non-corroding metallic overlay has a corrosion rate less
than about 0.05 mil per year when polarized anodically,
at a current density of at least about 10 milliamperes

per square meter.
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tion, and i nafter descri

Fig. 4 is a perspective view of a pair of mnov- one
pair of term nal abl e and stationary contact assemm "ﬂ“ﬁ« "Hm,srs
34 and 34a for each pole are dis- cl ogd positin.

posed in opposed rel ationship adjacent the wall

39. The coated concrete of Claim 31, wherein said
metallic overlay has an electrical resistance within the
range of from about 0.1 to about 20 chms/square.

3

40. Coated, reinforced concrete coated with‘a

» thermally sprayed, tightly adherent coating of non-
corroding metal plus active material, which metal plus
active material are thermally sprayed together onto a
. surface of said concrete.

' 41. The coated concrete of Claim 40, wherein said
metallic coating is thermally sprayed by one or more of
. flame spray, electric arc spray, plasma spray, high
" velocity oxyfuel spray, or detonation gun spray.

42. The coated concrete of Claim 40, wherein a mix
" of said metal plus active material is thermally sprayed
onto.said concrete surface.

43. The coated concrete of Claim 40, wherein a
thermal spray of said metal mixes on the surface of said
concrete with a separate thermal spray of said active
material.

44. The method of protecting reinforced concrete
with a cathodic protection coating on a surface of said
concrete, which method ‘comprises thermally spraying
together an active material plus non-corroding metal
onto a surface of said concrete.

45. The method of Claim 44, wherein a mix of said
metal plus active material is thermally sprayed onto
said concrete surface.

46. The method of Claim 45, wherein said mix
comprises titanium together as an intermetallic mixture

Sheet Has Been Rzilaced

[

T




65 - Wiile the invention will now be descri bed Qfﬂ?ﬁE“hBUSfﬁg~and\above
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with at least one other metal, or with at least one
oxide of a metal.

47. The method of Claim 44, wherein a thermal 3
spray of said metal mixes on the surface of said !
concrete with a separate thermal spray of said active
material.

48. The method of Claim 47, wherein said active
material.contains a platinum group metal or contains at
least one oxide selected from the group consisting of
platinum group metal oxides, magnetite, and oxides of

: cobalt, manganese and lead.

49. In the method of cathodically protecting
reinforced concrete with a non-corroding,
\electrochemically active coating which is present as a
metal-containing coating on the surface of said
concrete, which coating initially contains a metal
having at its surface precursor composition convertible
to an active ingredient for said coating, the
improvement in said method comprising establishing on
said concrete such coating comprising said precursor
composition, connecting said metal of the coating in an
electrical circuit, and anodically polarizing said metal
to convert said precursor composition to active
ingredient. ¢ '

50. The method of Claim 49, wherein said coating
comprises titanium metal which is connected in an
electrical circuit with the reinforcement of said

concrete.

51. The method of claim 49, wherein material
comprising said precursor composition is applied to said
metal surface by one or more of painting or spraying.

—_—
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52. The method of Claim 49, wh;rein material
comprising said precursor composition contains a metal
in solution of one or more of cobalt, manganese, iron
and tin and said active ingredient includes said methl
in electrochemically active form. ¢

53. The method of Claim 49, wherein said metal
surface is anodically polarized at a current density of
at least about 1 mA/ft?.

54. The method of applying a tightly adherent,
non-corroding and electrochemically active metallic
-coating to a surface of a concrete substrate, which

.method comprises:

roughening the surface of said concrete by abrading
said surface and freshly exposing a concrete

_surface; and

thermally spraying a metal onto the resulting
roughened surface with a spray gun in an amount of
sprayed metal having a thickness of from about 20
microns to about 200 microns;

wherein said spraying comprises:

applying said metdl onto said concrete at a
standoff from the surface of said concrete within
the range of from about 2 1/2 inches to about 6
inches; while

conducting said spraying at an application rate
across the concrete surface at a speed within the
range of from about 100 to about 800 millimeters

per second.
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1, 141, 052 16. The terminal 34a is electrically connec- of the hol der

pI-.‘at es. The contact hol der plates |I!I“I““lljlllj““‘sl“lm

38

55. The method of Claim 54, wherein said spraying
provides a metal amount having a thickness of from about
25 to about 100 microns, which metal amount is applied
¥

at a gun speed of from about 200 to about 500 .
millimeters per second.

56. Coated concrete coated with an integrally
attached, electrochemically active oxide coating.

57. The coated concrete of Claim 56, wherein said
active oxide coating is one or more of titanium
suboxide, magnetite, cobalt oxide, manganese dioxide,

: lead oxide or mixtures thereof.

58. The coated concrete of Claim 56, wherein said
oxide coating is in adherent, electrical contact with
said concrete.

59. The coated concrete of Claim 56, wherein said
active oxide coating is present on a surface of said
concrete together with an electrically conductive
overlay.

60. The coated concrete of Claim 59, wherein said
overlay comprises one or more of a metal or a paint.

61. The coated cbnecrete of Claim 59, wherein said
active oxide coating and said overlay are in adherent,
electrically conductive contact with one another.

62. The coated concrete of claim 56, wherein said
active oxide coating is present on a surface of said '
concrete as an active oxide intimately mixed in a paint
coating.
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ted-to tmaﬂwﬁninal plate 30 and the ternmnal are nade in a unitary
structure by having 14 is electrically cConnected to the other end
ri:vets 54 di sposed on the | ower end portions apportion of the

i ntermedi ate stationary contact thereof. arm 22 through a conductor

36. That por-

Each of the npvable contact arns has a 70

REINFORCED CONCRETE STRUCTURE

Abstract of the Disclosure

A metal coating of typically a valve metal,
especially a titanium metal coating, is applied by
thermal spraying to the surface of concrete, most
particularly steel-reinforced concrete. The metal such
as titanium may be sprayed by any one of several thermal
spraying techniques including flame spray, electric-arc
spray, plasma spray, high-velocity oxyfuel spray, or
detonation gun spray. The metal coating should be
tightly édhered to the concrete and desirably will have
a porosity to facilitate extensive coating of the metal
itself, as well as facilitate any activation that may be
needed for the metal. Such activation can be in the
form of an active material which allows the coating to
function catalytically. One coating option is to apply
a solution onto the spray-applied metal, then polarize
the metal anodically to effect deposition of active
material on the metal. Another option includes
depositing active matetial directly onto the concrete,

_ then applying an adherent, electrically conductive

overlay such as a titanium metal coating to the treated
concrete.
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"surface of concrete.

RE. INFORCED CONCRETE' STRUCTURE
Background of the Invention

In addition to reinforcing concrete internally
with metal, it has been known to apply metal to the
In U.S. Patent 1,898,864 a

metal-faced building unit is prepared. The building

‘unit is of a material such as concrete or cement. The

metal facing, e.g., a steel facing, can be adhesively

- adhered to the concrete or cement body of the building

unit.

Where the concrete is reinforced concrete, and
the concern is corrosion of reinforcement embedded in

the concrete, the metal applied to the concrete

surface may be for retarding metal reinforcement

it_is'taught to
e.g.,
zinc, onto a freshly exposed surface of concrete. The
embedded
The sprayed metal cover and embedded

corrosion. In U.S. Patent 4,506,485,

flame spray an electrically conductive metal,
steel therein as

concrete can have

reinforcement.

~ steel are jOlned in an .
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10 nal 34a, is adapted to be connected to a source - and 60 or 60a. fornmed
on either side of each 75 . of electrical power (not shown) and the
~other holder plate 50. Anchored on.the pair of the terminal 34 is

| adapted to be connected to a pins 56 and 56g@ is a coiled spring 62 func-
- load (not shown). Therefore, the outer 'station- tioning to provide a
;contact pressureel@@tric circuit. Such means will be useful for

‘precluding deterioration of the embedded reinforcement.

By covering a concrete surface with flame sprayed
zinc and then electrically connectihg the zinc witlr
steel reinforcement of concrete, the assembly takes
advantage of the sacrificial characteristic of the zinc
to cathodically protect the embedded reinforcement.
This leads_to a graduallloss of zinc ana 1o$s of
effectiveness of cathodic protection. It would be
desirable to avoid or retard this loss.

It would be further desirable to provide a'system
that combines effective concrete~to-applied-metal bond
stréngth, together with fast application and enhanced
long term protection.

Summary of the Tnvention

A system has now been devised for inhibiting
corrosion of metal embedded as reinforcement in
concrete, with the system'having enhanced econonic
potential. The system also combines such potential with
efficiency and economy of applicaﬁion. The systen
utilizes applied metal, which can be a very thinly
applied layer of metal, on a surface of concrete. The
‘metal can have an excellent long lifetime. During such
extended lifetime, the system can provide a uniformity
of performance, free from not only premature failure,
but alsc free from a gradual performance decline, which
decline accelerates deterioration of embedded
reinforcement.

In brief, the invention in a particular aspect is
directed to concrete coated with a thermally sprayed,
non-corroding and tightly adherent electrochemically

active metallic coating. As a part of this aspect of
the ight be included on the concrete a
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dary contact arns 21 and the stationary contact which the palr of anabIe
contacts 46 and 46a 15 28 are on the source side while the inter- contact
the associated stationary contacts 28 80 medi ate stationary contact
arm 22 and the "and 28a, also a contact pgessure under which

stationary contact 28a are on the |oad side. the adjacent portions of the
nnvable con- porous titanium coating on a roughened surface of the

concrete. :

- In another aspect, thé_invention is directed to
coated concrete, coated with a thermally sprayed tiéhtly '
édherent coating of non-COfroding metal plus aétiée_
material, with one or both of the metal and active
material being thermally sprayed onto the surface of the.
concrete. The metal may‘form an overlay on a surface

-activation layer, or the metal plus active material can
be thermally sprayed_tcgether'ohto the concrete.

And still a further aspect of the invention is
directed to the method of protecting reinforced concrete
with a cathodic protection coating on the surface of the
concrete, which method comprises thermally spraying
together an active material plus non-corroding metal
onto the surface of the concrete.

Ancther aspect of the invention is directed to the
‘method of cathodically'protecting reinforced concrete
with a non-corroding, electrochemically active coating
which is present as a metal-containing coating on the
surface of the concrete, which coating initially
contains a metal havihg at its surface a precursor
composition convertible to an active ingredient for the
coating. This invention aspect comprises establishing on
the concrete such coating comprising the precursor
composition, connecting the metal of the coating in an
electrical circuit, and anodically polarizing the metal
to convert the precursor composition to active
.ingredient.

‘Another invention aspect relates to the method of
applying a tightly adherent, non-corroding and
electrochemically active metallic coating to a surface
of a concrete substrate, which method comprises:

roughening the surface of the concrete by abrading

the surface and freshly exposing a concrete

T || AT




A novabl e contact assenbly generally desig-- tact ar ns contact each other.
nat ed by the reference nunber 40 conpri ses A pair of bal ancing rods 64
and 64a are 20 a pair of novable-contact arms 42 and 42a of rotatably
mounted at one end.to the pins 56 85 bal ateral |y symetrical shape-
rotatably dis- and 56a respectlvely and at the other end to- '

: ‘thermally spraying a metal onto the resulting

roughened surface with a'spray gun in an amount of

'sprayed metal having a thickness of from about 20

microns to about 200 microns;

‘wherein theVspraying comprises:

- applying the metal onto the concrete at a standoff
from the surface'pf the concrete within the range
- of from about 2 1/2 inches to about 6 inches; while

‘conducting such Spraying'at an application rate |
across the concrete surface at a gun speed within the
range of from about 100 to about 800 millimeters per
second. _ _ |

In yet another aspect the invention is directed to
coated concrete coated with an integrally attached,

- electrochemically active oxide cbatinq.

Where the invention includes a thermally sprayed,
non-corroding and tightly adherent électrochemically
active metallic coating, the metallic coating may be é
metal that is activated with an active material, e.g.,
as by application of an electrochemically active
coating. Thus, as used hereiﬁ, the term "metallic
coating" can refer to a metal that is activated. _

As mentioned hereinabove, if an active material is
used, it may be that both such material and a metal, or
metals, are thermally sprayed, which can be separately,
or co-sprayed together; When separately sprayed, the
active material, or poésibly one or more precursors of
the material, may be applied before the metal, or after
the metal, or both before and after.

Description of the Preferred Embodiments

The metal coating is applied to the surface of an
underlying material which generally for convenience will
be referred to herein as "concrete®. However, it is to
be understood that other similar masonry materials may
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posed i n end-to-end relatlonshlp dlrectly bel ow gether to a conmon pin 66

which is, in turn, - the stationary contact assenbly 20. It will be
slidable within a pair of aligned longitudi- - understood that in the
arrangenent illustrated nal guide slots 68 formed on the end por- 25

three novabl e contact assenblies are pro-5 tions of the contact hol der

pl ates 50. As shown 90
be utilized including mortars and grouts. ‘Grouts and

mortars may ccntaln_cement, and may be used as an
overlay, as on concrete. The concretes which are
contemplated to be metal coated include not only
typically Portland cement concrete but also structural
concrete, ready mix concrete, low slump concrete,'and,
polymer modified concrete. The cements contemplated
include any of the reccgnized types of cements such as
high-early-~-strength cement, Portland-Pozzolan cements,
and masonry cements (mortars).

' For reinforcement the concrete will usually have an
embedded reinforcement, or a reinforcing shape, such as
a wire or bar, which bar may be referred to as a
"rebar". These will be metal reinforcements generally
of a ferrous material and most usually will be a steel
-reinforcing material.

The surface of the concrete to receive the spray
applied metal should be clean and sound. A freshly
prepared surface may be cleaned by blasting with

 compressed air. Usually, cleaning will be done by
sandblasting, waterblasting, scarification,
shotblasting, and other similar methods. These methcds
~may provide not only a clean, but also a freshly
exposed, roughened concrete surface. One particularly
desirable method for preparing a clean concrete surface
is gritblasting. Serviceable grit for such purpose can
include, aluminum oxidé, steel shot, slag, quartz sand,

silica and silicon carbide. Where sandblasting or .

" gritblasting has been used, this can be followed by
waterblasting or cleaning with cdmpressed air for grit
removal. Such provides a'suitably'desirablé clean and
rough surface for augmented bond strength between the
concrete and applied metal layer.

In the surface preparation, the blast media should
desirably roughen the surface. This can provide a

ce - ~,gQrad1ng the concrete. Extreme
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vi ded, one for each polo. Since all the nov- in Fig. 2, the pin. 66 i s
provi ded on both ends. abl e contact assenblies are substantlally i denti-
projecting beyond the holder plates 50, with cal in construction to '
‘each other, only the a pair of rollers 70 movable within a pair of
central movabl e cont act assenbly will now ®e |ongitudinal grooves 72

di sposed on the_ | ower
, abra51cn can, however, be deleterlous and weaken the

concrete. Thus_removal of ahout 1/8 inch to 1/16 inch
of the abraded portion of the surface is usually
serviceable. The resulting surface texture can provide
for enhanced adhesion and integral attachment of the
subsequently applied coating-on_the_concrete, as well as
provide for good electrical contact between the concrete
and the applied coating. i
When a freshly exposed and roughened clean surface
has been obtained, a surface coating is then applied to
the concrete. For the metallic coating, it is a
thermally sprayed, non-corroding and electrochemically
active metallic cocating. To be non-correding, the metal
of the surface coating should have a corrosion rate of
less than about 0.05 mil per year when polarized
anodically, at a current density of at least about 10
milliamperes per square meter (mA/m*). Thus a metal such
as zinc which has a corrosion rate of about 1 mil per
year under such conditions is completely unsuitable.
Other such metals as magnesium and aluminum, as well as
alloys such as zinc-aluminum allocys, babbitt, 316
stainless steel or 420 stainless steel, which have a
greater corrosion rate than 0.05 mil per year, are not
utilized. Metals which are non-corroding, i.e., have
the above-defined low corrosion rate, can be serviceably
employed in cathodic protection of the concrete
reinforcing metal. Such cathodic protection will
connect such reinforcement metal and the applied metal
coating in an electrlcal czrcult contalnlng a power
supply. - _ _
It is also important that the applied coating on
the concrete be an active metallic coating. By being
AL "active" as the term is used herein, the metallic
i coating is capable of freely and easily passing anodic
current for an extended period of time, typically
. several years, e.g., 2-5. years or more, while being non-
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30 _déscribedr S ' cover 14, In order to

limt downward nove- - 95 Each of the novabl e -contact arms 42 or 42a
ment of the rollers 70, the:lower cover 14 is is rotatably carried by a
support pin 44 or provided with a notchedyprojection 74 of el ec- 44a. -

in the manner as will be described herein-. trically |nsulat|ng mat eri al
integral with gBfroding, when the reinforcement and the metallic

" coating are electrically connected. As explained
hereinabove, such active metallic coating may be a metal
that is activated. An example of a metal that is

' activated is a metal to which there is applled an
electrochemically active coating. _ _

A metal of particular interest is titaniuh metal.

- Titanium metal has a corrosion rate of less than 0.05
mil per year when'polarized-anodically. As a suitable
active metallic coating, it is contemplated that the
titanium metal will virtually always be activated such
as by applying an eleétrochemically active coating to
the metal, as will be discussed further on hereinbelow.

Typically, in addition to titanium, suitable
metals include the valve metals, but excluding aluminum.
More particularly, these valve metals, in addition to

titanium, are tantalum, niobium, zirconium, hafnium,
molybdenum and tungsten. Additionally, any of these
metals may be utilized as their alloys or intermetallic
mixtures. These can be alloys or mixtures among the
valve metals themselves, as well as with other metals.
These will be employed sco long as the appropriate
criteria, e.g., the alloy or mixture being non-
corroding, are met. All of these valve metals or alloys
or the like may be activated by application of
electrolytic coating. For economy, as well as

. efficiency of cathodic protection, titanium is the
preferred valve metal. It will usually be referred to

" herein when specifying a metal, particularly a metal
that is activated, although it will be understood that
metals other than titanium could be employed. In
referring to titanium, it will usually be termed the
"representative" metal.

It is to be understood that mixtures of metals can
also be applied. For mixtures of metals, the mixtures
may take the form of doping. As represéntative, a metal
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after

| ower
100

and includes a novabl e contact 46 or ‘inner bottom surface of the

cover”
ary contact 28 or 28a in its closed.position.  As shown in Fig.

mem 35 46a adapted to engage the associated station- ber

a pair of arc-extinguish-. The novabl e gontact 46 is on the source
chanbers 76 and 76a of conventiona

may be doped with typléally from 2 to as much as 20
weight percent or more of an additional metal. As an
example, this could be doping'of'titanium with one or
more of nickel, chromium, manganese, tin or iron. 'As
representative, U.S. Patent 4,849,085 discusses flame
spraying a powder mixture of 9% nickel powder and 91%
titanium powder. '

The metal coating will be achieved by means which
include thermal spray application. This will most
always be flame spraying or electric arc spraying. Thus
the feed material will most always be in wire form,
although the use of a similar form, e.g., rod form, is
contemplated. In electric arc Spraying the wires,
suitably as two consumable wires, can serve as
electrodes. The wires may be in alloy form, e.g., where
an active metal as an alloy is being thermally
deposited. In some instances, plasma spraying may be
the thermal spray operation of choice. For example,
where a metal is readily available in partlculate form,
such as in elemental form or as a mixture as represented
by a mixture of nickel and titanium metal powders, then
plasma spraying of such particulate form material can be
most serviceable. Also, spraying of an oxide material
can most always be by plasma spray application. Oxide
materials, or just '"oxides", which may alsc be otherwise
referred to herein for convenience as "ceramic oxides",
can be ﬁseful as activéting materials, and will be
discussed in greater detail hereinbelow.

Whether the metal feed is in wire form or the like,
or in particulate form, the metal impacting the concrete
will be in particulate form such as droplets of molten
metal or semi-molten metal in plastic form. Thus for |
convenience, application may be referred to herein as
material applied in particulate'form. In plasma
spraying, the metal is melted and sprayed in a plasma

- generated by heating with an electric arc of ionized
S —_—
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si"de whil e the confaCt 46a is on the |oad side. design are- disposed on

both sides of the nov- It is to be noted that t he adjacent end faces .
abl e contact assenbly 40 respectlvely 40  of both novabl e contact arms are
constructed The upper conpartnent as viewed in Fig. 105 to be of

arcuate configuration-having the centre 1 is provided with neans for
engagi ng and inert gases to high temperatures, e.g., argon or

nitrogen, optionally containing a minor amount of
additional gas such as hydrogen or helium. In such
spraying, and more particularly in arc spraying'and '
fiame spraying, nitrogeh is the preferred inert gas, and
without being in admixture with other gases. It is to
be understood by the use herein of the term "thermal
spraying" that although electric arc spraying is
preferred, the term is generally used for convenience
and is meant to include generally high velocity oxyfuel
spraying, flame spraying, plasma spraying, or detonation
gun spraying. Also, the spraying may simply be referred
to as "melt spraying". _ _
The spraying parameters, such as the volume and
temperature of the spray, the spraying distance, the
feed rate of the constituents being sprayed and the
like, are chosen so that, for the spraying of metal, it
is melted by and in the spray'stream and deposited on
the concrete surface while Still'substantially in melted
or semi-plastic form. Representative spray parameters
can include a standoff of from about 2 1/2 to 6 inches.
Less than about 2 1/2 inches may lead to deleterious
heating of the substrate, with accompanying substrate
degradation such as spalling or cracking. A standoff of
greater than 6 inches may lead to inefficient depdsition
and poor particle adhesion to the substrate. Usually
the spray gun will be swept across the concrete surface
at a gun speed of from about 100 to about 800
millimeters per second (mm/sec), or more generally at a
gun speed of from about 200 to about 500 mm/sec. This
speed, plus the material feed rate and the number of
passes of the gun over the same area of concrete, will
in large part determine the thickness of the resulting
coating. Generally, at a gun speed of from about 100 to
about 400 mm/sec. from 1 to 3 passes wWill be made with

the gun when spraying the representative titanium metal.
R
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on the axis of the associated supporting pin, disengaging the novable -
contact assenbly 40 t hus ensuring that the novable contact arns wth
and from the stationary contact assenbly effect rotational novenent
while maintaining 20. 45 one of the arns it contact with the other.

An operating nmechanism for opening and 110
However, for thin coatlngs faster 'gun speeds at only

_one pass or so, can be desirable. Typically, spray
parameters like those used in the examples give
satisfactory results. Usually, the concrete surfadce
during melt spraying is maintained near ambient
temperature. Usually Simply allowing the substrate to
air cool between spray passes will be sufficient to
maintain ah'ambient_temperature_substrate. For some
applications, e.g., applications at low ambient
temperatures or for substrates with high moisture
content, it may be useful to preheat the substrate
surface before thermal spray application. This can be
done by using the spray device, but without a material
feed, although other means are contemplated. Preheating
of a substrate can enhance the bond between the applied
metal coating and the substrate.

Although the spray feed material may be in other
form, e.g., particulate form, it is typically in wire
form. For the representative metal titanium, it will
typically be about a 0.05 inch to about a 0.2 inch
diameter wire. The wire may be pretreated, such as to
enhance the application of an active metallic coating.
Pretreatment of titanium feed wire for arc spraying has
been described in U. S. Patent No. 5,066,513. In powder
form, the titanium might have a particle size range of
0.1-500 microns. Particulate metals having different
particle sizes should be equally suitable so long as
they are readily spray applied.. The constituency of the
particles is usually virtually all, to all, metal. For
titanium, as particles or wire, the titanium might be

one of several grades most usually grade 1 titanium or
an alloy of titanium.

" The thermally sprayed metal can have a thickness on
the concrete of from about 20 microns to on the order of
150 to about 200 microns. A coating thickness of less
than about 20 microns may result in non-uniformity of.
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-The palr of movabl e contact arms 42 and closing the contacts conprises a
rockabl e 42a are electrically connected to each ot her by operating _
handl e 78 of any suitable electri- a flexible | ead 48 attached on the
lower sides cally insulating material propacting externally or those

.S|des of the arns renote fromthe beyond the upper cover nenber 12 and a -
U the coating and can result in increased electrical

resistance of the coating. On the other hand, for
.economy, the thickness of the applied metal will not
exceed about 200 microns. For the representative +
titanium metal, a coating thickness within the raﬂge of
from about 25 to about 100 microns can be suitable. In -
plasma spray application of titanium powder, this can be
readily achieved in typically one to two passes of the
spray gun over the concrete surface, e.g., at a gun
speed of 400 mm/sec. If due care is not exercised,
coating thicknesses above about 150 microns may lead to
some potential metal delamination for titanium metal.
Thus, coating thicknesses above about 150 mlcrons are
less usual. Advantageously, for eu“anced econonmy, plus
efficiency and extended cathodic protection for the
applied metal, the metal will be present on the concréte
surface at é thickness within the range from about 25 to-
about 100 microns.
- The applied metal coating will generally have a
porosity typically from at least about 5%, but not
- exceeding about 30%. The characteristic of porosity is
particularly serviceable for applied metals wherein an
active material is applied to the metal. Porosity
assists in providing for penetration of any applied
activating coating into the applied metal, thus
enhancing electrochemical activity of the overall
coating. A porosity of the applied metal of less than
about 5% will be insufficient to provide for desirable
activation coating penetration. On the other hand, a
porosity for the metal of greater than about 30% may
lead to uneconomical application of the active coating
onto the concrete, rather than on the metal.
Advantageously for enhanced deposition of active
coating, the metal will have a porosity of from about
10% to about 25%. ' The applied metal should have a bond

'strength with the derlying concrete of at least about

)
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50 reSpecthe Cohtacts 46 and 46a for the pur-- shaped operatlng Iever 80

fixed to the operat- 115 pose described hereinafter. |

ing handl e 78 and pivotably nounted on a A pair of |ongitudinal
“contact holder plates pivot shaft 82 whizgh, in turn, extends hori - 50,
mounted in spaced parall el relationship zontally in a direction normal to
t he pl ane 50 pounds per square inch (psi). Moreover, to maintain '

good coating integrity, as on. surfaces that méy'be
subject to abrasion or other rough treatment, and agaln
partlcularly on non-horlzontal surfaces, it will be‘
advantageous for the applied metal to have a bond !

- strength with the underlying concrete of at least about

100 psi. It will, however, not be unusual for the
metallic coating to adhere to the underlying surface
with a much greater bond strength, e.g., 200 to 500 psi
or more. Bond strehgth as discussed herein is: such

- strength as determined by measurement with an Elcometer
adhesion tester, as will be described hereinbelow in
connection with the examples.

' When a clean surface or freshly exposed clean
surface of the underlying concrete has been prepared,
subsequent coating may be initiated by first application
of an activating material, followed by application of a

" conductive coating over the first applied activating
material. Where coating of the concrete is initiated
with activating material, the resulting concrete may be
referred to herein as an "activated concrete surface".
For this surface activation, there may be applied to the
concrete surface the activating material either in
'liquid form, usuaily as a precursor composition, or the
activating material can be applied in solid form. 1In
either form, the resulting coating can be in adherent,
electrical contact with the concrete. As an example of
solid form application, a freshly prepared concrete
surface could have applied thereto a coating of solid
ceramic oxide. This could include application by
thermal spraying, or other application technique. Thus,
in thermal spray application, a solid material such as
magnetite may be a first layer thermally sprayed onto
the prepared'concrete surface. As representative of
surface activation by liquid application, a solution of
cobalt nitrate hexahydrate could be applled to the.
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(ste Fig. 2), are secured through ihe:nnunting' of Fig. 1 from a frane 84

erected on the 55 plate 16 (see Fig. 1) and extend through the nounting

plate 16. The frame 84 carries a 120 slots 38 on the outer stationary
‘contact arnms -horizontal trip pin 86.on whias a trip |ever 21 so as'to .
be electrically insulated fromthe 88 is pivotably nounted at one end and
has t he - concrete. This type of activation will be discussed in

greater detail hereinbelow. After application in either
ligquid or solid-fprm, the application could be followed
by applying an overlay, as by thermal spraying,'of_a
metal. Such a coating overlay could be the applic¢ation
of the representative titanium metal. ‘The first applied
coating might be an active coating containing additive,
e.g., a spray applied oxide applled together with
niobium or tin as a dopant.

Where the first applied coating is an actlve
coating applied in solid form, e.g., a thermally
spréyed, tightly adherent surface activation layer, it
should have characteristics of the applied metal. Thus,
it should have adhesion to the concrete substrate of at
least 50 psi. It may be a very thin coating, i.e., on
the order of about 20 microns. Usually for economy,
such first applied active coating will have a thickness
not exceeding about 100 microns. However, such first
applied active coating in solid form can have extensive
porosity, e.g. up to about 50%, or even more. However,.
it is to be understood that a completely non-porous
solid form first coating can be utilized, although for
economy such is typically avoided.

When the first applied coating is the active
coating, and the overlay will be applied metal, such
appliéd metal may be porous,'as where there will be
subsequent treatment of the active coating, as described
hereinbefore, or it may be non-porous, e.g., when no
further treatment of the active coating is contemplated.
Since the activation has been initiated before the
application of the metal, deposition of active material

- within the subsequently applied metal will usually not
be of consideration. When the metai is the overlay on
an activating layer, the metal topcoating can have a
thickness on the order which is similar for such coating
as first applied, e.g., from about 20 to about 200
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“latter. The hol der plates 50 are each provided other ‘end operatively
coupled to a trip unit as on that portion projecting dowwardly beyond
w || be described hereinafter. The trip |lever 60 the nounting plate 16,

“with a pair of aligned 88 has a toggle pikn 90 di sposed on the central 125
hol es 52 or 52a which serve to rotatably sup- portion.

microns. The adhe51on of such metal topcoating should
also be at least on the order of the adhesion of a solid
underlayer to the concrete substrate, to maintain
lntegrlty of overall coatlng longev1ty. Also by ¢
providing a tightly adherent metal overlay on the
surface activation layer, there is maintained not only
integral attachment but also desirable electrical
contact from the concrete to the overlay. Although the
active layer can be the first applied coating and the
next layer can be an applied metal overlay, it will be
understood that there may be some intermingling of these
materials without a clear and uniform distinction
between layers. Such intermingling of materials can be
enhanced by the porosity of the first layer.

. Where the underlying concrete has been prepared for
coating, it is also contemplated that the active layer
and the metal may:be applied simultaneously. This can
also- provide for intermingling of applied materials.
Thus in an application such as thermal spray technique,
an activator material in solid form can be thermally
sprayed ontco the concrete while at the same time a metal
is being sprayed onto the concrete. The resulting
overall coating can be a non-porous coating, although
some porosity, e.g. on the order of as little as 1% to
as nmuch as 5 percent may be present in the coating owing
to the coating application technique. When jointly |
applied as an active léyer plus applied metal, the
resulting joint coating will typically have an adhesion
to the underlyiné concrete the same as for the coatings
applied individually, i.e., a bond strength of at least
about 50 psi. Coating thicknesses for the jointly
applied materials will usually tend to run towards the
higher levels of thicknesses for the individually
applied layers, e.g. jointly applied coating thicknesses
‘on the order of 100 to 200 microns. '
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port the supporting pin 44 or 44a respec- A rel easabl e toggle nechanlsm
conprises a tively. One pair of holes, in this case the holes pair of.
‘toggle arms 92 and 93. The toggdle 52a, is slightly elongated in the
direction per- arm 92 is pivotably nourtsd on the toggle 65 pendicular
to the comon | ongitudinal axis . pin 90 at one end and articul ated at the
130 The ceramic oxide solid form activating materlal,

which may also be referred to herein as the "conductive.
oxide", and that might be utilized in the melt spray

' procedure can be in particulate form, e.g., titanium
oxide powder. Such powder may be sprayed froml
commercial non-conducting oxide} but deposit as a
conductive sub-oxide. This.cén be influenced by the
application temperature, and in spraying, such as plasma
spraying, by the composition of the plasma gases. The
oxide as a powder can have a particle size that '
correlates generally to the particle size that would be
used if the corresponding metal were being sprayed. For
example; titanium oxide powder might have a particle
size within the range of 0.1-500 microns. The size of
the oxide powder can also be varied in the melt spray
operation to control the resulting density of the oxide
‘layer. More finely divided powder generally provides a
more. dense, less porous layer. In addition to the
thermal spraying providing conductive valve metal
oxides, e.g., titanium suboxide, tantalum oxide and
niobium oxide, it is also contemplated to thermally
spray other materials including, but not limited to,
titanates, spinels, magnetite, tin oxide, lead oxide,
manganese dioxide and perovskites.

It is also contemplated to thermally spray together
the active material and the metal. Thus mixtures may be
applied, e.g., mixtures of metals and active material,
such as a premix of blended powders sprayed from a
single spray gun. As representative, titanium could be
in a mixture with at least one other metal, and this
‘mixture could be extended to include at least one oxide
of a metal. Also, the metals and active materials may
be cosprayed, e.g., each sprayed from a separate gun,
but at the same time, to mix together on the concrete
surface, or sprayed in layers, for example a metal layer
sprayed onto a spray applied oxide layer. Where the
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‘spray application w111 result in layers, the top layer
could be a metal or cosprayed layer. _

Where the concrete has been prepared for'coating,
and metal is applied, a subsequent treatment can be used
on the metal coating for activation. This can be
application of activating material in liquid form. In
such procedure, and regardless of whether the liquid
form activating materlal is applied dlrectly to the
concrete or to metal applied to the concrete, it 1s
contemplated that such treatment can be performed by any
technique useful for depositing a liquid coating onto a
substrate surface. Most always painting, as by brush or
spray application, will be used.

These techniques will alsc be useful where the
. activating material is applied directly to the concrete
and a metal coating is applied, but there will be a
subsequent'treatment of the active coating. Such
techniques can be utilized when applying further liquid,
e.g., water, as to a porous titanium coating for best '
underlayer activation of a first-applied activating
material. '

Curing of applied coating, can follow application.
For example, where a representative titanium metal
coating is first applied to the concrete and then a
liquid precursor compositioh convertible to an
activating material is used, e.g., a precursor
composition solution of cobalt nitrate hexahydrate, the
applied composition may be subject to thermal
activation. This will result in thermal deposition of
an electrochemically active coating on the titanium
metal. Heating provides for effective thermal
conversion of the metal ions in the precursor
composition to electrochemically active metals or metal
oxides, e.g., cobalt oxide. This thermal conversion may
be accomplished such as by flame or infra-red heating.
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Other liquid precursortcompOSitioné can also be
utilized. 1In addition'to cobalt, these can contain =
coating ingredients , e.g., metals in solution, Such as’
represented by manganese, iron, tin, precious metals,

" e.g., platinum, and the like.

It is of particular interest, where the precursor
composition for the activating material has been applied
to either the concrete, or to the metal, or to both, to
polarize the metal anodically to affect deposition of
the active material in electrochemical active form,
e.g., as oxides. As an example, cobalt nitrate
hexahydrate precursor composition can be applied as an
aqueous solution to thermally applied, representative
titanium metal. The titanium metal can then be
energized by anodic polarization to affect deposition of
cobalt oxide at the surface of the titanium metal. oOr
the cobalt sqlution can be applied to the concrete. It
will- soak into the concrete so that the subsequently
thermally applied metal, e.g., the representative
titanium metal, will have the desired adhesion to the
concrete, as discussed above. Then the titanium metal
can be energized and effect cobalt oxide deposition on
the portion of the titanium metal which faces the
concrete. For efficiency, it is advantageous for any
such anodic polarization that the metal be polarized at
a current'dénsity of at least about 1 mA/ft2.

As a representati%e of active méterials that may be
used, e.g., applied to the metal, some of which have
been mentioned hereinbefore, are those provided from
platinum or other platinum group metals or they can be
represented by active oxide coatings such as platinum
group metal oxides, magnetite, ferrite, cobalt spinel or
mixed metal oxide cecatings. Such coatings have
typicaliy been developed for use as anode coatings in
the industrial electrochemical industry. Suitable
i e have been generally described in

coatings of
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a4 - | 1,141,052 - other end to the
adj acent’ end of the other and 93 to collapse to pern1t the contact .

i -

one or more of the U.S. Patent Nos. 3,265,526,
3,632,498, 3,711,385, and 4,528,084. The mixed metal
oxide coatings can have at least one oxide of a valve
metal and at least one oxide of a platinum group metal.
The mixed oxides can often include a platinum group
metal including platinum, paliadium, rhodium,'iridium
and ruthenium or mixtures of these as well as mixtures
with other metals. Further coatings can comprise tin -
oxide, manganese dioxide, lead dioxide, cobalt oxide,
ferric oxide, platinate coatings such as M Pt,0, where M
is an alkali metal and X is typically targeted at
approximately 0.5, nickel-nickel oxide and nickel plus
lanthanide oxides. - |

For application to concrete, e.g., spraying of
either metal or ceramic oxide, the application is to
almost always provide an essentially continuous coating,
but one which may have porosity as above discussed.
However, it is contemplated that the application may be
other than continuous, such as in strip form, e.g., have
unsprayed areas between sprayed strips, forming a grid
with exposed areas of concrete between the sprayed
strips, or in some other partial coating pattern on the
substrate. _

When coating of the concrete surface has been
completed, the electrical resistance of the coating
should be within the range from about 0.1 to about 20
ohms/sg. That is, a séuare centimeter after coating -
should have a resistance within such range when measured
across the one centimeter dimension of the square. An
electrical resistance of less than about 0.1 ohms/sq.
can be uneconomical. 2An electrical resistance of
greater than about 20 ohms/sq; is insufficient to carry
the current without excessive voltage loss. Preferably
the electrical resistance of the coating for an active
metal coating utilizing the representative metal
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toggle arm 93 by a connectlng pin 94. Arti- operating |lever 96 to turn
about the axis of cul ated at the other end of the toggle arm93 the
‘pivot 98 in the clockwi se direction a is a contact operating |ever 96
‘rockably sup- viewed in Fig. 1 which is accpgrpani ed by 5 ported on a
pi vot 98 to a support ‘bl ock 100 downward novenent of the pair of contact

70 titanium, will have an electrical resistance of from
” about 0.1 to 1.0 ohms/sqg. | | -

Where the coating on the concrete will serve as an
anode means, the-coating may be covered. It may have a
covering such as of paint or concrete. Also vhere the
coating will serve as an anode, there can be connected
to the anode a current lead, e.g., a metal wire or
'strip. This anode may then be connected by the current
lead in an electrical circuit with a power source and to
the concrete reinforcement. Where the coating of the
concrete is initiated by application of activating

' material, the next applied layer is an electrically
conductive overlay which is virtually always an applied
metal overlay. However, it is also contemplated that
such next applied layer can be other than a metal, such
as an electrically conductive paint, including paints
such as ceramic-oxide-containing paints, including
mixed-metal-oxide-cdntaining paints and carbon-
containing paints where such substances as the oxides
and the carbon are intimately mixed in the paint. 1In
any case, the activation layer and the overlay are in
adherent, eiectrically conductive contact with one
another.

In addition to being serviceable, it is to be
understood that the resulting coating can be decorative.
Hence, a titanium coating on concrete may provide a
pleasing metallic blue finish to a concrete surface.
Other color tones of the coated concrete can include
gray and gold tones.

The following examples show ways in which the
invention has been practiced but should not be construed
as limiting the invention.

EXAMPLE 1
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rigidly secured on the nounting plate 16. The holder plates 50. The
downward novenent . lever 96 is articulated at one end to the upper of
_the holder plate pair 50 causes the pair of ends of the contact hol der
pl ates 50.- The novable contact arns 42 aod 42a to be de- toggle
mechani sm further conprises a spring pressed while naintaining the contact.
beari ng For test purposes, concrete blocks were used which

were prepared from"Type 1 Portland cement, silica sand
fine aggregate ‘and 1 inch minus coarse aggregate in a
weight proportion of cement to sand to coarse aggred%te,
on a per cubic yard basis, of 1:2:2.95. Each block
measured one square foot by six inches thick. Each
concrete test block thereby provided a oneisquare foot
test surface. Each block contained eight steel
reinforcing bars running through the length of the block
and extending outwardly from the block at each end of
the bar. One set of four steel bars was located one
inch below the test surface and the bars were spaced
apart on 2 1/2 inch center-line distance. A second set
of four bars was parallel to the first set, one inch
above the bottom surface of the block. The one square
foot test surface éf the block was grit blasted to
remove laitance. More particularly, the test surface
was blasted with grit of No. 20 Al,0, at 70 psi, using a
4 inch standoff and at a 45°-60° angle. The resulting
surfacelwas then cleaned of grit using compressed air.
After compressed air cleaning, of a concrete test
block, it was flame sprayed'using an oxy-acetylene flame
with a2 3.2 mm. diameter grade 1 titanium wire feed, and
a Metco 10E flame spray gun. For the flame spraying,
the gases used, and conditions, were: oxXygen at 30 psi
and flowmeter at 15; acetylene at 15 psi and flowmeter
at 30; compressed air at 65 psi and flowmeter at 53.
The titanium metal was applied in 4 passes at a gun
speed of 300 mm/sec, and at a standoff of 6 inches.  The
weight of the titanium metal consumed was 70.8 g/ft?.
The bond strength between the flame spray applied
titanium layer and concrete substrate was evaluated.
This was done by an Elcometer Adhesion Tester Model No.
106 which tested adhesion by pulling a test dolly that
had been epoxy glued to the coating away from the
substrate. The coating thus produced had a bond

q
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. _ an anchorlng faces substantlal
parallel to the s§ationa ;ﬁah F ol ate 101a plve%akky—nnﬁ”féd'by a pin 95
ush

to contact arms with each: ' the QR abf a
' in j heir ON position'
80, anp having  the roII “ ends of
21

suégﬁgth of 208 psi, as measured by the Elcometer
adhesion tester, and a resistance of 0.15 ohms/square.
The ccating was porsus (estimated at 80% dense from
photomicrographs) and had a measured thickness of 100
microns (4 mils) using a photo- micrograph scale of
cross sections. Thus, titanium metal as a wire feed to
a flame spray gun can be suitably applied to concrete.

: The application results in a serviceable titanium metal
coating having acceptable adhesion, porosity and coating
thickness. o

The concrete and titanium metal coating described
above were then energized anodically in an outdoor test
yard at a current density of 2.0 mA/ft? by attaching one
lead of a constant current power supply to the coating
and the other lead to the concrete reinforcement. After
cne month con-line, the concrete block was operating at a
voltage ranging from 2.5-4.0 volts. The electrode
potential of the titanium coating was 1230 mV vs. a
saturated calomel reference electrode, and the electrode
potential was slowly drifting more anocdic with time.
After 200 days on-line, the voltage had elevated to 6.
volts and the coating potential was 1800 nV vs. the
reference electrode. Hence, the uncatalyzed titanium
provides only threshold cathodic protection, since its
potential is high and it is slowly passivating with
time.

ever

ral with the oper t|
‘the balanC|ng

EXAMPLE 2

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1. It was flame sprayed with grade 1 titanium
using the wire feed and a Metco 10E flame spray gun, and
while using the oxygen, acetylene and air conditions all
as described in Example 1. The titanium metal was
applied in 3 passes at a gun speed of 500 mm/sec, and a
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the ot her end anchored to an anchoring plate pin 66 slide downwardly
wi thin the guide 15 10th pivotally nmounted on the pin 94. grooves
72 formed on the | ower cover nemnber - 80 A trip- unit generally
designated by the 14 until the. movabl e cogmcts 46 and 46a are
reference nuneral 104 is disposed on the separated away fromthe

associ at ed st at SRAMISEE of 4-1/2 inches. The weight of the titanium
metal consumed was 42.5 g/ft?. The cbating thus produced
had a bond strength of 100 psi, and a resistance of 0.17
ohms/square. The coating was porous (estimated at 80%
dense) and had a measured thickness of 75 microns (3
mils), measured as described in Exampie 1.

The titanium metal coating was then painted with an
Aqueous solution containing 300 g/1 of cobalt nitrate
hexahydrate, (Co(NO,),)-SHzo. Thi_s coat was allowed to
air-dry, and a second coating of the same solution was
applied. A total of 14-1/2 ml of solution were used,
resulting in an application of 0.88 g/ft? of cobalt to
the tltanlum metal coating.

The concrete block was then energized anodically in
an outdoor test yard at a current density of 2 mA/ft? in
the manner as described in Example 1. This polarization
caused cobalt oxide to be deposited within, and at the

- electrochemically active surfaces, of the titanium metal
coating. The concrete block and the coating were
maintained in this energized state and after one month
on-line the block was operating at a voltage of 1.3
volts.  The electrode potential of the activated coating
was ranging from 580-600 mV vs. a saturated calomel
reference electrode, and was stable with time. After
150 days on-line, the voltage was still 1.3 volts and
the coating potential ws 600 mV vs. the reference
electrode. 'This exampie shows how a cobalt activated
flame sprayed titanium metal cocating can provide for
cathodic protection of the block in a low voltage, low’
-potential and stable operation.

EXAMPLE 3
A concrete block, as described in Example 1, was '

blasted with no. 40 black slag grit at 80 psi to roughen
ide a newly exposed surface. After
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right hand portion of the upper conpartment contacts 28 and 28a wher eupon
the interrup- as viewed in Fig. 1. The trip unit conprises a tion = |
operation has been conpleted. 20 housing 106 of any suitable electrically
insulat- .~ Then if the interrupter is desiggd to be 85 ing material
havi ng acconmodated therein closed, the operating handle 78 can be

manual 'y compressed air cleaning, it was electric arc sprayed
| u51ng a Hobart-Tafa Model 8830 electrlc arc gun with an |

extra~-fine Red Nozzle spray tip. Air usage was 35 CFM
{cubic feet per minute) at a pressure of 60 psi. Grade

1 titanium fed as two 1.6 mm diameter wires was sprayed’

. onto the concrete in a single pass at a gun speed of 164

: mm/sec and a standoff of 6 inches. Titanium consumed
under these conditioﬁs was 89.7 g/ft?’. The coating thus
produced had a bond strength of 269 psi, and a
resistance of 0.35 ohms/square.

The titanium metal coating was then painted with an
aqueous solution containing 300 g/l cobalt nitrate
hexahydrate. This coat was allowed to air dry and a
second coat of the same solution was applied. A total
of 33.7 ml of solution was used resulting in an
application of 2.04 g/ft? of cobalt to the titanium metal
coating.

‘The concrete block was then energized indoors in a

- chamber with 80-90% relative humidity at a current
density of 2.0 mA/ft? in the manner as described in
Example 1. This polarization caused cobalt oxide to be
deposited within, and on the electrochemically active
surfaces of the titanium metal coating. The concrete

~block and the coating were maintained in this enefgized
state and after 20 days on-line the block.was operating
at a voltage of 1.65 volts. The coating was operating
at an electrode potentfal of 730 mV vs. a saturated
calomel reference electrode and was stable with time.
This example shows how a cobalt activated electric arc
sprayed titanium metal coatiﬁg can provide for cathodic
protection of the reinforced concrete block with a low
operating voltage, low electrode potential, and stable

operation.
o . EXAMPLE 4 .
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t+ip means conprising a thernmally responsive returned back to its,CN

position as illus- el enent such as a binetallic element 108 and trated -

i.n Fig. 1 to contact the novable con- ~an instantanous trip
electronagnet device 110 tacts 46 and 46azyith the stationary contacts 25
responsive to any overload current flomnng 28 and 28a through the process

reversed from 90 a concrete block, as described in Example 1, was
blasted with No. 20 aluminum oxide grit to roughen the
concrete and provide a newly exposed surface. After
compressed air cleaning, it was electric arc sprayeé
using a Hobart-Tafa Model 8830 electric arc gun. ‘The
metal sprayed was grade 2 titanium in wire form. The
metal is sprayed onto the concrete in a double path at a
gun speed of about 10 inches/sec, a standoff of 6 inches
and an electricallcurrent of 150 amps. The titanium
wire consumed under these conditions was 56 g/ft?. The
coating thus produced had a bond strength of 210 psi.
Two additional concrete blocks were prepared for
coating as described above. For one block, 24 hours
before the application of the titanium coating, the
concrete block was painted in the manner of Example 3
with cobalt nitrate hexahydrate to provide a coating of
1.3 g/ft? of cobalt to the concrete. An additional
concrete block was prepared in the same way, but the
coating providing the 1.3 g/ft? of cobalt on the block
was applied 15 minutes before the application of the
titanium coating. Both blocks then had titanium applied
in the manner as described hereinabove. )
The block first prepared as described hereinabove
with the titanium coating directly on the concrete, was
then treated in the manner described hereinbefore by
 painting the cobalt nitrate hexahydrate solution on the
titanium metal coating to provide 1.3 g/ft? of cobalt to
the applied titanium metal. All three concrete blocks
were then energized indoors at a current density of 2.0
mA/£ft? in the manner as described in Example 1. This
test continued for five days and the blocks were then
monitored for cell voltage. The block which was
activated with the cobalt-containing coating that had
been applied over the titanium metal coating, was
_ operating at a cell voltage of 1.8 volts. The two
( blogk hich had the cobalt coating applied directly to
, e
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thr ough the conductor 36 connectlng the load that above desckfbed.

termnal 34 and the internediate stationary It is now.assuned that an
ordi nary magni - contact- arm 22. Disposed within the trip hous- tude of
overload current flows through the - i ngs106 are an.instantaneous trip

rod 112 circuit interrupter in its ON position. Then:
- . the concrete block, prior to the titanium coating,

exhibited'unacceptable-readings. The block coated with
the cobalt-containing coating 24 hours before the
titanium metal sprancoatinq had a voltage of 7.2 vdlts
and the block coated with the cobalt solution 15 minutes
before applying the titanium coating had a voltage of
7.0 volts. -

~ For these two blocks with unacceptable voltages,
tap water was sprayed on the exposed titanium surface of
the blocks. The cell voltages were then taken two days
later with the block having the cobalt solution applied
on top of the titanium layer still providing an
acceptable 1.62 volts. The other two blocks were also
demonstrating acceptable voltages. The block coated 24
hours earlier with cobalt solution before titanium
application had a voltage of 2.03 volts while the block
coated 15 minutes with cobalt solution prior to tltanlum
application had a voltage of 1.88 volts. After a
further week, these voltages for these three blocks,
respectively, were 1.58 volts, 1.79 volts and 1.82
volts. This example thus demonstrates successful
activation of the concrete surface for solution applied
directly to the concrete prior to application of the
spray applied titanium metal. However, water activation
is advantageous for best success.

EXAMPLE S

A coating of titanium metal was produced, on a one
sgquare foot concrete block test surface prepared as
descrlbed in Example 1, for each of eight concrete
blocks. The feed metal used was a titanium powder
having particle size between 200 and 325 mesh. The
powder was 99.5% titanium, with a balance of impurities

~including iron, carbon, nitrogen, oxygen and hydrogen.
- “~%rhe test surface was coated with the metal using a Metco
__~q_______ﬁ_*“;__
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-30 - opperatlvely connected to the el ectromagnet ~such a flow of current

. through the conduc- 95 device 110, a trip.shaft 114 including a paw
tor 36 heats the binetallic el enent 108 to 116 and trip adjusting screw
118. deflect the latter to pregs the adjusting screw In-

order to operatively couple the trip lever 118." This causes the trip shaft.

114 to be

plasma spray gun equipped with a GH spray nozzle. The
spraying conditions were: a current of 500 amps; a
voltage of 45 - 50 volts; a plasma gas consisting of

~argon and helium; a titanium feed rate of 3 pounds per

hour; a transverse spray speed of either 400, 500 or 800
millimeters per second (mm/sec.); an exposure of one
pass per block; and a standoff of 2.75 (4 blocks) or 4
(4 blocks) inches. Two concrete blocks had their test

. surfaces preheated before the plasma spray application
- of the titanium layer. Preheating was done by one pass

with the plasma spray gun at a transverse speed rate of
400 mm/sec. and a standoff of 4 inches for one block and
2.75 inches for the other block.

All coated surfaces, by visual examination,
appeared to be free from surfacg défects, and have a
uniform, but pcrous coating with no coating delamination
from the concrete substrate. _

. For coating a second set of the concrete blocks, _
there was used a commercially available titanium powder,
having a median particle size of 325 mesh. The same
épray conditions were used as described above except
that an exposure of 2 passes per block were used for one
block, and for this block the titanium metal was applied.
at a transverse spray speed of 400 mm/sec. and a
standoff of 2.75 inches. From the results of adhesion

. testing for these samples, the adhesion between the

titanium layer and the'concrete substrate was found to
vary from 275 psi to 400 psi. This example shows how
titanium metal as powder can be plasma sprayed onto
concrete to provide a desirable metal coating |
preparatory to providing an electrochemically active
metallic coating. The titanium metal coating can have
desirable bond strength with the concrete, under a
variety of application conditions.
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«88-to the trip pam 116, there'is a hook device rotated in the clockw se
direction as viewed 35 including a primary hook menber. 120 re- in Fig. 1
_to disengage the trip pawl 116 from 100 | easably changing the trip
lever 88 and a. the secondary hook nenber2722 resulting in ‘secondary
hook | ever 122 rel easably connec- rotational novenent of the secondary and
Concrete test blocks as described in Example 1 were

prepared in the manner of Example 1 with the grit
blasting béing conducted for 2 minutes and 10 seconds,
plus_or_minus 5 seconds. A first test block was
preheated in the manner described in Example 5 but using
a 3 inch standoff. Thereafter the coating applied on
the concrete block test surface was initiated with a
titanium oxide powder, having all particles more finely
"divided than -44 microns, +5.6 microns. The spray gun
and spray conditions were as described in Example 5,
e.g., one pass application, at a 400 mm/sec. transverse
spray speed, except that the plasma spray gas consisted
of argon and hydrogen, the standoff.was 3 inches and
titanium oxide feed rate was 7 pounds per hour.
Following this application, there was then applied to
the resulting titanium suboxide layer an over layer of
titanium metal using the powder as first described in
Example 5. This titanium metal powder was plasma spray
gun applied, in three passes, in the manner of Example
5.

Subsequently, three more test blocks were prepared
with this titanium suboxide first layer, titanium metal
overlay combination. Each of the subsequent blocks were
preheated in the manner as above described at a
transverse spray gun speed of 500 mm/sec. For the
titanium suboxide application, the spray gun transverse
spray speed was at 400 ‘mm/sec. for one block and at 800
mm/sec. for 2 blocks, all at a 3 inch standoff. The
titanium metal powder top coating was applied as
described above in this example, including three passes
of the spray gqun. '

For selected surfaces, the resulting combination
layer of titanium suboxide underlayer and titanium metal
overlay on the concrete blocks surface was found to have
a thickness of about 100 microns. Coating adhesion for
these blocks, mggsured in the manner as described in

. —— ' _ﬂ“dﬂ_ﬂ_;///”’//””
{REPLACEMENT SHEET = et

cnm]| I

e




ted to botth the primry hook nenber 120 prlnary hook nmenbers 122 and 120
in the - and the trip paw 116. - cl ockwi se "
direction. Therefore, the primary 40 The trlp unit 104 and the hook
devi ce 120- hook nenber 120 di sengages from8the trip 105 122 may
each be of conventional design and |ever 88 to permt the toggle armpair
92, 93 o Example 1, was found to vary from 200 psi to 300 psi.

This example shows how such a combination layer can be
desirably prepared on concrete using plasma spraying.'
The combination layer exhibits both desirable coating
thickness and bond strength.

EXAMPLE 7

. A concrete test block as described in Example 1 was
provided with a titanium metal layer'in the manner as
described in Example 5. The plasma spray applied'
titanium metal layer on the concrete had a thickness of
about 30 microns and an adhesion to the concrete surface
of about 300 psi, all as determined in a manner as
described hereinbefore. The titanium layer was then

coated with an aqueous solution of manganese sulfate
(Mnso,) containing 100 gm/1 (grams per liter) MnSo,.
This. coating resulted in a loading of 1.1 gms of Mn per
square foot of titanium metal.

The test block was then energized by making the
coating anodic at a currernt density of 2.0 mA/ft.%. The
coating, when energized, operated at 2.0 mA/ft.? at a
single electrode potential of 545 mV vs. a saturated
calomel reference electrode, confirming good activation
of the titanium metal.

E LE 8

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1, except the grit blasting was at a 90° angle.
The block was arc sprayed using a 1.59 mm diameter grade
1 titanium wire feed in a Hobart-Tafa Model 9000 wire
arc gun fitted with a green air cap and a large cross
positioner. The carrier gas to propel the atomized
titanium onto the,concrete surface was air at 60 psi.

— .
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dé not formpart of the invention. : to col | apse whereby the . ,
novabl e contacts 46 In order to operate the three i'nterrupter and
46a are separated away from the asso- units for respective poles,. a
connecting rod ciated stationary contacts 28 and 28a in the 45 124 is:
operatively connected to the respective -same manner as previously
described in corfuniispeed was 200 mm/sec at an index (jump) of 9 mm and

a standoff of about 4 inches (10 cm). Titanium consumed
under these conditions was 31.4 g/ft?. The coating was
prdduced at a bond strength of 283 psi and a resistance
"of 0.33 ohms/square. Titanium weight gain, as medsured
by weighing the block before and after titanium
application, was 23.92 g/ft?, indicating a deposit
efficiency of 76.2%.

A second concrete block was prepared as above
described and titanium was applied using the conditions
as above described, except that the gqun standoff was 4.5
‘inches, and nitrogen was used as the carrier gas. Under
these conditions, the electrical resistance of the
resulting applied titanium coating was 0.20 ohms/square.
Bond strength was still a desirable 233 psi. Moreover,
in addition to the improvement in electrical resistance,
the titanium weight gain was measured as 27.20 g/ft?,
indicating a deposit efficiency of 86.6%. These fésts-
demonstrate that the use of nitrogen as the carrier gas
resulted in a more efficient deposition of titanium,
providing a titanium coating which is thicker and more
conductive than coatian using air as carrier gas.
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“contact operating IeverS 96 and hence to the junction with the opening

operation until the ‘associ ated contact holder plates 50. It is also:
.position illustrated in Fig. 3C is reached. to be understood that the
operating-handle 78 " If a flow of overlagd current equal in nmag- S
common to all the three poles. nitude to from 8 to 10 tines a
fl ow of rated . ' T ,,,,-»/*””#’/’M”
cane (NN
: : ! ® G .

1. Coated concrete, coated with a thermally
sprayed, tightly adherent, non-corroding and
electrochemically active metallic coating.

2. The coated concrete of Claim 1, wherein said
metallic coating is coated on a roughened surface of
. said concrete.

3. The coated concrete of Claim 2, wherein said
roughened surface is a surface roughéned by blasting
with one or more of alumina{ steel shot, quartz sand,
silica, slag, or silicon carbide.

4. The coaﬁed-concrete of Claim 2, wherein said
roughened surface is abraded and preheated.

5. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of at least about 50 psi.

6. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of between about 100 psi
and about 500 psi.

7. The coated concrete of Claim 1, wherein said

tightly adherent metallic coating is integrally attached
to said concrete in adherent, electrical contact.

—_—
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507 Fig. 1 shows the circuit intérrupter and currén ”ﬂ@ﬁurs the

el ect romagnet device 110 115 - nore particularly th m”t’m\lmHm"pt er
tion

unit is inmediately operated to cause the trip rod |
in which that face of the 112 to rotate thefrip shaft 114 ih t*he Ssame -
movabl e contact assenbly 40 opposing tq the manner as above described w t-h
reference to 8. The coated concrete of Claim 1, wherein said

metallic coatlng is porous.

9. The coated concrete of Claim 8, wherein said
metallic coating has a porosity within the range of from
‘about 5% to about 30%.

10. The cocated concrete of Claim 1, wherein said
metallic coating has a thickness within the range of
from about 20 microns to about 200 microns.

11. The coated concrete of Claim 1, wherein said
metallic coating has a thickness within the range of -
from about 25 microns to about 100 microns.

12. The coated concrete of Claim 1, wherein said
non-corroding metallic coating has a corrosion rate less
than. 0.05 mil per year when polarized anodically, at a
current density of at least about 10 milliamperes per
square meter.

13. The coated concrete of Claim 1, wherein said
metallic coating has an electrical resistance within the
range of from about 0.1 to about 20 ohms/square.

_ 14. The coated concrete of Claim 1, wherein said
metallic coating is thérmally sprayed by one or more of
flame spray, electric arc spray, plasma spray, high
velocity oxyfuel spray, or detonation gun spray.

15. The coated concrete of Claim 14, wherein the
metal for said thermal spraying is in wire form.

16. The coated concrete of claim 15, wherein said
metal £Qxn.wire is pretreated.
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statlonary contact arms 21 and 22 is sub- the tripping Operdtluu ttH he
novabl e con-

( 55 stantially.in parallel to the Iatt
assenbly 40 reaches its position illus- 120 to 'gu u ﬂ ize
with both, an electro- trated in Fig. 3C.32 dyna vel oped

bet ween the nov- I't is now assuned that a flow of heavy cur-

17. The coated concrete of claim 14, wherein said

~thermal sprayicg is with nitrogen gas.

18. The coated concrete of Claim 1, wherein s#id
i
coating is thermally sprayed on one or more of mortar,
grout or concrete.

19. The coated concrete of Claim 1, wherein said
metallic coating is a coating comprising one or more of
the metals titanium, tantalum, niobium, zirconium, | |
hafnium, molybdenum, tungsten, alloys of same and
intermetallic mixtures of same.

20. The coated concrete of Claim 19, wherein said
metallic coating is a metal coating of one or more of
elemental titanium metal, titanium metal alloy, or |
intermetallic mixture containing titanium.

21. The coated concrete of Claim 20, wherein said
titanium coating is an intermetalilic mixture ccntaining
titanium plus one or more of nickel, chromium, |
manganese, tin or iron.

22. The coated concrete of Claim 1, whereln said
metalllc coating comprises an overlay on an actlvated

concrete surface.

_ 23. The coated concrete of Claim 22, wherein said
activated concrete surface comprises one or more of
titanium suboxide, magnetite, cobalt oxide, manganese
dioxide or lead oxide on said concrete surface.

R o
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-abl e and stationary contact ar ns upon the rent such.a i ng
current has = occurrence of any shortcircuiting current. In occurred.

-Then an el ectrodynanic repulsion is 60 order to rmvaHﬂ"l"“ MHH from
iits ON . devel oped between the pairs of npgable and
i s OFF position, the operating stationary contact arfs 22," 4%a &nd” 21, 22
' 24. The coated concrete of c1a1m 1, wherein said
electrochemlcally active metallic coating comprises a
metal that is activated with an active material.

3
25. The coated concrete of claim 24, wherein said

metal is moistened in activation of said active
material.

26. The coated concrete of Claim 25 wherein said
active material comprises a'platinum group metal or
contains at least one okide selected from the group'
consisting of platinum group metal oxides, magnetite,
and oxides of cobalt, manganese, and lead.

27. The coated concrete of Claim 26, wherein said
active material contains a mixed oxide material of at
least one oxide of a valve metal and at least one oxide
of a platinum group metal.

28. The coated concrete of Claim 1, wherein said
concrete is reinforced concrete and said metallic
coating is connected in an electrical circuit with the
reinforcement.

29. The coated concrete of Claim 1, wherein said
metallic coating-comprises an anode means.

. 30. The coated concrete of Claim 1, wherein said
metallic coating is preseht on said concrete as strips
forming a grid of strips with open spaces between the
strips exposing underlying concrete. '

31. Coated concrete coated with a thermally
-ent surface activation laver on

&prayed, tigl
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‘handl e 78 can nanually rock from its .posi- arranged in substantrally :
paral l el relationshinp, tion illustrated in Frgf I—toits OFF posrtron
by that current flownng through-the arnms in .

direction as viewed in the opposite. directions and lm{'ﬁ%@im s 65
Fig. 1. This causes the pair of toggle armns 92 th ontact

arns 42 and 42a 130

the concrete'surface, and a thérmally sprayed, tightly
adherent and non-corroding metal overlay on said surface
activation layer.

32. The coated concrete of Claim 31, whereirt said
surface activation layer comprises one or more of
thermally sprayed titanium suboxide, magnetite, cobalt
oxide, manganese dioxide or lead oxide on the concrete
surface. |

"33. The coated concrete of Claim 31, wherein said
tightly adherent metallic overlay is integrally attached
to said concrete in adherent, electrical contact.

34 . The coated concrete of Claim 31, wherein said
metallic overlay is porous. '

.35. The coated concrete of Claim 34, wherein said
metallic overlay has a porosity within the range of from
about 5% to about 30%.

36. The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of
from about 20 microns to about 200 microns.

37. The coated concrete of Claim 31, wherein said
metallic overlay has a'thickness within the range of
from about 25 microns to about 100 microns.

38. The coated concrete of Claim 31, wherein said
non-corroding metallic overlay has a corrosion rate less
‘than about 0.05 mil per year when polarized anodically,
at a current density of at least about 10 milliamperes

—_—
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39. The coated concrete of Claim 31, wherein said
metallic overlay has an electrical resistance within the
range of from about 0.1 to_about 20 ohms/square.

| | - 3
_ 40. CQated,_reinfbrced concrete coated with‘a
thermally sprayed, 'tightly adherent coating of non-
'ccrrodlng metal plus active material, which metal plus
active material are thermally sprayed tagether onto a.
surface of said concrete.

41. The coated concrete of Claim 40, wherein said
'metallic_coating is thermally sprayed by one or more of
flame spray, electric arc spray, plasma spray, high
velocity oxyfuel spray, or detonation gun spray.

42. The coated concrete of Claim 40, wherein a mix
of said metal plus active material.is thermally sprayed
onto said concrete surface.

43. The coated concrete of Claim 40, wherein a
thermal spray of said metal mixes on the surface of said
concrete with a separate thermal spray of said active
material. |

44. The method of protecting reinforced concrete
with a cathodic protection coating on a surface of said
concrete, which method'comprises thermally spraying
together an active material plus non-corroding metal |
onto a surface of said concrete.

45. The method of Claim 44, wherein a mix of said
metal plus active material is thermally sprayed onto
said concrete surface.

46. The method of Claim 45, wherein said mix
~comprises titanium together as an intermetallic mixture
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'Wlth at least one other metal, or Wlth at least one
. oxide of a metal.

A

) 47.. Thé method of Claim 44, wherein a thermal 3
'_'spray of said metal mixes on the surface of said ¢
- concrete with a separate thermal spray of said active
material.

~ 48. The method of Claim 47, wherein said active
material contains a platinﬁm group metal or contains at
:least one oxide selected from the group consisting of
platinum group metal oxides, magnetite, and oxides of
cobalt, manganese and lead.

| o o 49. In the method of cathodically protecting

| . reinforced concrete with a non-corroding,

_ 'electrochemically active coating which is présent as a

;} _ ‘metal-containing coating on the surface of said

| concrete, which coating initially contains a metal
having at its surface precursor composition convertible

. to an active ingredient for said coating, the '
improvement in said method comprising establishing on
said concrete such ceoating comprising said precursor
composition, connecting said metal of the coating in an

o electrical circuit, and anodically polarizing said metal

[ . to convert said precursor composition to active

lngredxent. !

Lo ~ 50. The method of Claim 49, wherein said coating
| ‘comprises titanium metal which is connected in an
electrical circuit with the reinforcement of said
concrete.

i S Si. The method of claim 49, wherein material
! comprising said precursor composition is applied to said
metal surface by one or more of palntlng or spraylnq.
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td be rotated about the respectfve supporting. -stored to their pOsition

where the contact bear- - pins 44 and 44a in the lr?“1rtﬂﬁp7 1§n-n
ing surfaces thereof are substantially flush wh el RERLN. 2 D] e

ont act

contacts 46 and 46a—wtTh each other. Thus the novablg.
|1 23 JUL 1996
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52. The method of Claim 49, wherein material
comprising said precursor composition contains a metal

H
SR
-

in solution of one or more of cobalt, manganese, iron
and tin and said active ingredient includes said metéal
in electrochemically active form. s

 53. The method of Claim 49, wherein said metal
surface is anodically polarized at a current density of
at least about 1 mA/ft2.

S4. The method of applying a tightly adherent,
non-corroding and electrochemically active metallic
coating to a surface of a concrete substrate, which
method comprises:

roughening the surface of said concrete by abrading
said surface and freshly expos;ng a concrete
_surface; and

thermally spraying a metal onto the resulting
roughened surface with a spray gun in an amount of
sprayed metal having a thickness of from about 20
microns to about 200 microns; '

wherein said spraying comprises:

applying said metal onto said concrete at a
standoff from the surface of said concrete within
the range of from about 2 1/2 inches to about 6
inches; while :

conducting said spraying at an application rate
across the concrete surface at a speed within the
range of from about 100 to about 800 millimeters
per second.

Sheet Has Been Re laced

& ||II|I|| il Ill




ie separated fromthe associ at ed stationary assenbly 40 is mai nt ai ned in
Its normal open 5 contacts 28 and 28a with the contact holder or OFF
pgosition (see.Fig. 3C). Then a re- plates 50 remaining in

position. Mre serrrﬁ§’656?5f765~ﬁ§§ be performed t

ifically, the b slide down- the | ¢ '%h
e <o AR RS .

t he subsequent clms

38

55. The method of Claim 54, whereln said s
provides a metal amount having a thickness of from about
25 to about 100 microns, which metal amount is applied

s

‘at a gun speed of from about 200 to about 500 J
mllllmeters per second.

56. Coated concrete coated with an integrally
attached, electrochemically active oxide coating.

57. The coated'concrete of Claim 56, wherein said
active oxide coating is one or more of titanium
suboxide, magnetite, cobalt oxide, manganese dioxide,
lead oxide or mixtures thereof.

58. The coated concrete of Claim 56, wherein said
oxide coating is in adherent, electrical contact with

said concrete.

59. The coated concrete of Claim 56, wherein said
active oxide coating is preseht on a surface of said
concrete together with an electrically conductive
overlay.

60. The coated concrete of Claim 59, wherein said
overlay comprises one or more of a metal or a paint.

61. The coated céncrete of Claim 59, wherein said
active oxide coating and said overlay are in adherent,
electrically conductive contact with one another.

62. The coated concrete of claim 56, wherein said
active oxide coating is present on a surface of said
concrete as an active oxide intimately mixed in a paint
coating. '
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mardly within the | ongitudinal guide slot 68 I ng- operation. to .

di spl ace the pins 56 and 56a domnmardly ‘From the foregoing it will be
apparent that 10 Then the spring 62 spanned bet ween the _pins the
stationary contact arns 21 and 22 on the 75. 56 and EE& i
normally to press the source and |oad sides respectivel feéHhEi

39
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ORC CON
gtract of the Disclosure

A metal coating of typically a valve metal,
especially a titanium metal coating, is applied by |
thermal spraying to the surface of concrete, most
particularly steel-reinforced concrete. The metal such
as titanium may be sprayed by any one of several thermal
spraying techniques including flame spray, electric-arc
spray, plasma spray, high-velocity oxyfuel spray, or
detonation gun spray. The metal coating should be
tightly adhered to the concrete and desirably will have
a porosity to facilitate extensive coating of the metal
itself, as well as facilitate any activation that may be
needed for the metal. Such activation can be in the
form of an active material which allows the coating to
function catalytically. One coating option is to apply
a solution onto the spray~-applied metal, then polarize
the metal anodically to effect deposition of active

- material on the metal. Another option includes
depositing active matetrial directly onto the concrete,
then applying an adherent, electrically conductive
overlay such as a titanium metal coating to the treated
concrete.
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novabl e contacts against the stationary con-

6£0300-4¢ Tpos

9
to have a flow of current

_tﬁerethrough oppo-

"site in direction to that through the bridge

novabl e contact arns

tacts is reversed in the direction to exert its

force.

Thi s causes the

t ype novabl e cont act arn1pair 42- 42a di s- 15 42 and

42a
rela

0 _be rotated about the support-
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REINFORCED CONCRETE STRUCTURE

Background of the Invention

In addition to reinforcing concrete internally with
metal, it has been known to aﬁply metal to the surface
In U. S. Patent 1,898,864 a metal-faced
building unit is prepared. The building unit is of a
material such as concrete or cement. The metal facing,
e.g., a steel facing, can be adhesively adhered to the
concrete or cement body of the building unit.

of concrete.

Where the concrete is reinforced concrete, and the
concern is corrosion of reinforcement embedded in the
concrete, the metal applied to the concrete surface may
be for retarding metal reinforcement corrosion. In U.
S. Patent 4,506,485, it is taught to flame spray an
electrically .conductive metal, e.g., zinc, onto a
freshly exposed surface of concrete. The concrete can
have steel embedded therein as reinforcement. The

sprayed metal cover and embedded steel are joined in an
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ng pins 44 and 44a in the opposite directions wtt
stationary arns. Upon the thereby to separate t
occurrence of a flow of very high current such
stationary contacts 28 as a shortcircuiting current
and 28a respectively until the novable con- repulsij
the stationary and 5 -

46a away fro

n qlgeov oR9hari

devel oped betiwnd

electric circuit. Such means will be useful for
precluding deterioration of the embedded reinforcement.

By covering a concrete surface with flame sprayed'
zinc and then electrically connecting the zinc with
steel reinforcement of concrete, the assembly takes
advantage of the sacrificial characteristic of the zinc
to cathodically protect the embedded reinforcement.
This leads to a gradual loss of zinc and loss of
effectiveness of cathodic protection. It would be
desirable to avoid or retard this loss.

It would be further desirable to provide a system
that combines effective concrete-~to-applied-metal bond
strength, together with fast application and enhanced
long term protection.

Summary of the Invention

A system has now been devised for inhibiting
corrosion of metal embedded as reinforcement in
concrete, with the system having enhanced economic
potential. The system also combines such potential with
efficiency and economy of application. The system
utilizes applied metal, which can be a very thinly
applied layer of metal, on a surface of concrete. The
metal can have an excellent long lifetime. During such
extended lifetime, the system can provide a uniformity
of performance, free from not only premature failure,
but also free from a gradual performance decline, which
decline accelerates deterioration of embedded
reinforcement.

In brief, the invention in a particular aspect is
directed to concrete coated with a thermally sprayed,
non-corroding and tightly adherent electrochemically
active metallic coating. As a part of this aspect of
the invention, there might be included on the concrete a
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porous titanium coating on a roughened surface or—tire
concrete.

In another aspect, the invention is directed to
coated concrete, coated with a thermally sprayed tightly
adherent coating of non-corroding metal plus active
material, with one or both of the metal and active
material being thermally sprayed onto the surface of the
concrete. The metal may form an overlay on a surface
activation layer, or the metal plus active material can
be thermally sprayed together onto the concrete.

And still a further aspect of the invention is
directed to the method of protecting reinforced concrete
with a cathodic protection coating on the surface of the
concrete, which method comprises thermally spraying
together an active material plus non-corroding metal
onto the surface of the concrete.

Another aspect of the invention is directed to the
method of cathodically protecting reinforced concrete
with a non-corroding, electrochemically active coating
which is present as a metal-containing coating on the
surface of the concrete, which coating initially
contains a metal having at its surface a precursor
coﬁposition convertible to an active ingredient for the
coating. This invention aspect comprises establishing on
the concrete such coating comprising the precursor
composition, connecting the metal of the coating in an
electrical circuit, and anodically polarizing the metal
to convert the precursor composition to active
ingredient.

Another invention aspect relates to the method of
applying a tightly adherent, non-corroding and

-electrochemically active metallic coating to a surface

of a concrete substrate, which method comprises:
roughening the surface of the concrete by abrading
the surface and freshly exposing a concrete

surface; and F‘—“—‘~—

——
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thermally spraying a metal onto the resulting

roughened surface with a spray gun in an amount of

sprayed metal having a thickness of from about 20

microns to about 200 microns;

wherein the spraying comprises:

applying the metal onto the concrete at a standoff

from the surface of the concrete within the range

of from about 63.5 mm (2 1/2 inches) to about 152.4

mm (6 inches); while '

conducting such spraying at an application rate
across the concrete surface at a gun speed within the
range of from about 100 to about 800 millimeters per
second.

In yet another aspect the invention is directed to
coated concrete coated with an integrally attached,
electrochemically active oxide coating.

Where the invention includes a thermally sprayed,
non-corroding and tightly adherent electrochemically
active metallic coating, the metallic coating may be a
metal that is activated with an active material, e.g.,
as by application of an electrochemically active
coating. Thus, as used herein, the term "metallic
coating” can refer to a metal that is actiwvated.

As mentioned hereinabove, if an active material is
used, it may be that both such material and a metal, or
metals, are thermally sprayed, which can be separately,
or co-sprayed together. When separately sprayed, the
active material, or possibly one or more precursors of
the material, may be applied before the metal, or after
the metal, or both before and after.

Description of the Preferred Embodiments

The metal coating is applied to the surface of an
underlying material which generally for con¥venience will
be referred to herein as "concrete". However, it is to
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be understood that other similar masonry materials may
be utilized including mortars and grouts. Grouts and
mortars may contain cement, and may be used as an
overlay, as on concrete. The concretes which are
contemplated to be metal coated include not only
typically Portland cement concrete but also structural

~ concrete, ready mix concrete, low slump concrete, and
polymer modified concrete. The cements contemplated
include any of the recognized types of cements such as
high~early-strength cement, Portland-Pozzolan cements,
and masonry cements (mortars).

For reinforcement the concrete will usually have an
embedded reinforcement, or a reinforcing shape, such as
a wire or bar, which bar may be referred to as a
"rebar". These will be metal reinforcements generally
of a ferrous material and most usually will be a steel
reinforcing material.

The surface of the concrete to receive the spray
applied metal should be clean and sound. A freshly
prepared surface may be cleaned by blasting with
compressed air. Usually, cleaning will be done by
sandblasting, waterblasting, scarification,
shotblasting, and other similar methods. These methods
may provide not only a clean, but also a freshly
‘exposed, roughened concrete surface. One particularly
desirable method for preparing a clean concrete surface
is gritblasting. Serviceable grit for such purpose can
include, aluminum oxide, steel shot, slag, quartz sand,
silica and silicon carbide. Where sandblasting or
gritblasting has been used, fhis can be followed by
waterblasting or cleaning with compressed air for grit
removal. Such provides a suitably desirable clean and
rough surface for augmented bond strength between the
concrete and applied metal layer.

In the surface preparation, the blast media should
desirably roughen the surface. This can provide a
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surface texture, as by abrading the concrete?
abrasion can, however, be deleterious and weaken the
concrete. Thus removal of about 3.175-1.587 mm (1/8
inch to 1/16 inch) of the abraded portion of the surface
is usually serviceable. The resulting surface texture
can provide for enhanced adhesion and integral
attachment of the subsequently applied coating on the
concrete, as well as provide for good electrical contact
between the concrete and the applied coating.

When a freshly exposed and roughened clean surface
has been obtained, a surface coating is then applied to
the concrete. For the metallic coating, it is a
thermally sprayed, non-corroding and electrochemically
active metallic coating. To be non-corroding, the metal
of the surface coating should have a corrosion rate of
less than about 0.05 mil per year when polarized
anodiéally, at a current density of at least about 10
milliamperes per square meter (mA/m?). Thus a metal such
as zinc which has a corrosion rate of about 1 mil per
year under such conditions is completely unsuitable.
Other such metals as magnesium and aluminum, as well as
alloys such as zinc-aluminum alloys, babbitt, 316
stainless steel or 420 stainless steel, which have a
greater corrosion rate than 0.05 mil per year, are not
utilized. Metals which are non-corroding, i.e., have
the above-defined low corrosion rate, can be serviceably
employed in cathodic protection of the concrete
reinforcing metal. Such cathodic protection will
connect such reinforcement metal and the applied metal
coating in an electrical circuit containing a power
supply.

It is also important that the applied coating on
the concrete be an active metallic coating. By being
"active" as the term is used herein, the metallic
coating is capable of freely and easily passing anodic
current for an extended period of time, typlcally

tfhsB&quimwd

\\ll\l\\ G



and 28a. However, the novable contact arnms side surfac
novabl e contact arnmns 42 and 42a cannot return back
and 42a successively contacting the cor- gi nal posi
they are kept in- responding surface of the other novgblje
Soon after the contacts have been tact arm should b e
circularly 7

several years, e.g., 2-5 years or more, while'being non-
corroding, when the reinforcement and the metallic
coating are electrically connected. As explained
hereinabove, such active metallic coating may be a metal
that is activated. An example of a metal that is
activated is a metal to which there is applied an
electrochemically active coating.

A metal of particular interest is titanium metal.
Titanium metal has a corrosion rate of less than 0.05
mil per year when polarized anodically. As a suitable
active metallic coating, it is contemplated that the
titanium metal will virtually always be activated such
as by applying an electrochemically active coating to
the metal, as will be discussed further on hereinbelow.

Typically, in addition to titanium, suitable
metals include the valve metals, but excluding aluminum.
More particularly, these valve metals, in addition to
titanium, are tantalum, niobium, zirconium, hafnium,
molybdenum and tungsten. Additionally, any of these
metals may be utilized as their alloys or intermetallic
mixtures. These can be alloys or mixtures among the
valve metals themselves, as well as with other metals.
These will be employed so long as the appropriate
criteria, e.g., the alloy or mixture being non-
corroding, are met. All of these valve metals or alloys
or the like may be activated by application of
electrolytic coating. For economy, as well as
efficiency of cathodic protection, titanium is the
preferred valve metal. It will usually be referred to
herein when specifying a metal, particularly a metal
that is activated, although it will be understood that
metals other than titanium could be employed. In
referring to titanium, it will usually be termed the
"representative” metal.

It is to be understood that mixtures of metals can
also be applied. For mixtures of metals, the mixtures
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may take the form of doping. As representative, a metal
may be doped with typically from 2 to as much as 20
weight percent or more of an additional metal. As an
example, this could be doping of titanium with one or
more of nickel, chromium, manganese, tin or iron. As
representative, U.S. Patent 4,849,085 discusses flame
spraying a powder mixture of 9% nickel powder and 91%
titanium powder.

The metal coating will be achieved by means which
include thermal spray application. This will most
always be flame spraying or electric arc spraying. Thus
the feed material will most always be in wire form,
although the use of a similar form, e.g., rod form, is
contemplated. In electric arc spraying the wires,
suitably as two consumable wires, can serve as
electrodes. The wires may be in alloy form, e.g., where
an active metal as an alloy is being thermally
deposited. In some instances, plasma spraying may be
the thermal spray operation of choice. For example,

| where a metal is readily available in particulate form,
such as in elemental form or as a mixture as represented
by a mixture of nickel and titanium metal powders, then
plasma spraying of such particulate form material can be
most serviceable. Also, spraying of an oxide material
can most always be by plasma spray application. Oxide
materials, or just "oxides", which may also be otherwise
referred to herein for convenience as "ceramic oxides",
can be useful as activating materials, and will be
discussed in greater detail hereinbelow.

Whether the metal feed is in wire form or the like,
or in particulate form, the metal impacting the concrete
will be in particulate form such as droplets of molten
metal or semi-molten metal in plastic form. Thus for
convenience, application may be referred to herein as
material applied in particulate form. In plasma

spraying, the metal is melted and sprayed in a plasma
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generated by heating with an electric arc of ionized
inert gases to high temperatures, e.g., argon or
nitrogen, optionally containing a minor amount of
additional gas such as hydrogen or helium. In such
spraying, and more particularly in arc spraying and
flame spraying, nitrogen is the preferred inert gas, and
without being in admixture with other gases. It is to
be understood by the use herein of the term "thermal
spraying" that although electric arc spraying is
preferred, the term is generally used for convenience
and is meant to include generally high velocity oxyfuel
spraying, flame spraying, plasma spraying, or detonation
gun spraying. Also, the spraying may simply be referred
to as "melt spraying".

The spraying parameters, such as the wvolume and
temperature of the spray, the spraying distance, the
feed rate of the constituents being sprayed and the
like, are chosen so that, for the spraying of metal, it
is melted by and in the spray stream and deposited on
the concrete surface while still substantially in melted
or semi-plastic form. Representative spray parameters
can include a standoff of from about 63.5 mm-152.4mm (2
1/2 to 6 inches). Less than about 63.5 mm (2 1/2
inches) may lead to deleterious heating of the
substrate, with accompanying substrate degradation such
as spalling or cracking. A standoff of greater than 6
inches may lead to inefficient deposition and poor
particle adhesion to the substrate. Usually the spray
gun will be swept across the concrete surface at a gun
speed of from about 100 to about 800 millimeters per
second (mm/sec), or more preferably at a gun speed of
from about 200 to about 500 mm/sec. This speed, plus
the material feed rate and the nﬁmber of.passes of the
gun over the same area of concrete, will in large part
determine the thickness of the resulting coating.
Geherally, at a gun speed of from about 100 to about 400

This Sheet Has Been Rem

]




During this downward novenent of the rolling conta
.contact hol der plates 50, the repelled contact iREPEAEEMﬁﬁﬂg

understood, it is diffi- 50 arnms 42 and 42a are nD\

cult to shape each of the contacting sur- 115 mﬁtt
until the rollers 70 faces on both novabl e cont act anns |nto such

dommmardly

2 NV 4997

a
p

10

mm/sec. from 1 to 3 passes will be made WITH CI€é gun '

when spraying the representative titanium metal.

However, for thin coatings faster gun speeds at
only one pass or so, can be desirable. Typically, spray
parameters like those used in the examples give
satisfactory results. Usually, the concrete surface
during melt spraying is maintained near ambient
temperature. Usually simply allowing the substrate to
air cool between spray passes will be sufficient to
maintain an ambient temperature substrate. For some
applications, e.g., applications at low ambient
temperatures or for substrates with high noisture
content, it may be useful to preheat the substrate
surface before thermal spray application. This can be
done by using the spray device, but without a material
feed, although other means are contemplated. Preheating
of a substrate can enhance the bond between the applied
metal coating and the substrate.

Although the spray feed material may be in other
form, e.g., particulate form, it is typically in wire
form. For the representative metal titanium, it will
typically be about a 1.27 - about 508 mm (0.05 inch to
about a 0.2 inch) diameter wire. The wire may be
pretreated, such as to enhance the application of an
active metallic coating. Pretreatment of titanium feed
wire for arc spraying has been described in U. S. Patent
No. 5,066,513. In powder form, the titanium might have
a particle size range of 0.1-500 microns. Particulate
metals having different particle sizes should be equally
suitable so long as they are readily spray applied. The
constituency of the particles is usually virtually all,
to all, metal. For titanium, as particles or wire, the
titanium might be one of several grades most usually
grade 1 titanium or an alloy of titanium.

The thermally sprayed metal can have a thickness on
the concrete of from about 20 microns to on the order of
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150 to about 200 microns. A coating thickness of less
than about 20 microns may result in non-uniformity of
the coating and can result in increased electrical
resistance of the coating. On the other hand, for
economy, the thickness of the applied metal will not
exceed about 200 microns. For the representative
titanium metal, a coating thickness within the range of
from about 25 to about 100 microns can be suitable. In
plasma spray application of titanium powder, this can be
readily achieved in typically one to two passes of the
spray gun over the concrete surface, e.g., at a gun
speed of 400 mm/sec. If due care is not exercised,
coating thicknesses above about 150 microns may lead to
some potential metal delamination for titanium metal.
Thus, coating thicknesses above about 150 microns are
less usual. Advantageously, for enhanced econony, plus
efficiency and extended cathodic protection for the
applied metal, the metal will be present on the concrete
surface at a thickness within the range from about 25 to
about 100 microns.

The applied metal coating will generally have a
porosity typically from at least about 5%, but not
exceeding about 30%. The characteristic of porosity is
particularly serviceable for applied metals wherein an
active material is applied to the metal. Porosity
assists in providing for penetration of any applied
activating coating into the applied metal, thus
enhancing electrochemical activity of the overall
coating. A porosity of the applied metal of less than
about 5% will be insufficient to provide for desirable
activation coating penetration. On the other hand, a
porosity for the metal of greater than about 30% may
lead to uneconomical application of the active coating
onto the concrete, rather than on the metal.
Advantageously for enhanced deposition of active
coating, the metal will have a porosity of from about
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10% to about 25%. The applied metal should have a bond
strength with the underlying concrete of at least about
0.338 MPa (50 pounds per square inch (psi)). Moreover,
to maintain good coating integrity, as on surfaces that
may be subject to abrasion or other rough treatment, and
again particularly on non-horizontal surfaces, it will
be advantageous for the applied metal to have a bond
strength with the underlying concrete of at least about
100 psi. It will, however, not be unusual for the
metallic coating to adhere to the underlying surface
with a much greater bond strength, e.g., 1.35-6.76 MPa
(200 to 500 psi) or more. Bond strength as discussed
herein is such strength as determined by measurement
with an Elcometer adhesion tester, as will be described
hereinbelow in connection with the examples.

When a clean surface or freshly exposed clean
surface of the underlying concrete has been prepared,
subsequent coating may be initiated by first application
of an activating material, followed by application of a
conductive coating over the first applied activating
material. Where coating of the concrete is initiated
with activating material, the resulting concrete may be
referred to herein as an "activated concrete surface".
For this surface activation, there may be applied to the

-concrete surface the activating material either in

ligquid form, usually as a precursor composition, or the
activating material can be applied in solid form. In
either form, the resulting coating can be in adherent,
electrical contact with the concrete. As an example of
solid form application, a freshly prepared concrete
surface could have applied thereto a coating of solid
ceramic oxide. This could include application by
thermal spraying, or other application technique. Thus,
in thermal spray application, a solid material such as
magnetite may be a first layer thermally sprayed onto
the prepared concrete surface. As representative of
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surface activation by liquid application, a solution of
cobalt nitrate hexahydrate could be applied to the
concrete. This type of activation will be discussed in
greater detail hereinbelow. After application in either
liquid or solid form, the application could be followed
by applying an overlay, as by thermal spraying, of a
metal. Such a coating overlay could be the application
of the representative titanium metal. The first applied
coating might be an active coating containing additive,
e.g., a spray applied oxide applied together with
niocbium or tin as a dopant.

Where the first applied coating is an active
coating applied in solid form, e.g., a thermally
sprayed, tightly adherent surface activation layer, it
should have characteristics of the applied metal. Thus,
it should have adhesion to the concrete substrate of at
least 0.338 MPa (50 psi). It may be a very thin
coating, i.e., on the order of about 20 microns.

Usually for economy, such first applied active coating
will have a thickness not exceeding about 100 microns.
However, such first applied active coating in solid form
can have extensive porosity, e.g. up to about 50%, or
even more. However, it is to be understood that a
completely non-porous solid form first coating can be
‘utilized, although for economy such is typically
avoided.

When the first applied coating is the active
coating, and the overlay will be applied metal, such
applied metal may be porous, as where there will be
subsequent treatment of the active coating, as described
hereinbefore, or it may be non-porous, e.g., when no
further treatment of the active coating is contemplated.
Since the activation has been initiated before the
application of the metal, deposition of active material
within the subsequently applied metal will usually not
be of consideration. When the metal is the overlay on
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an activating layer, the metal topcoating can have a
thickness on the order which is similar for such coating
as first applied, e.g., from about 20 to about 200
microns. The adhesion of such metal topcoating should
also be at least on the order of the adhesion of a solid
underlayer to the concrete substrate, to maintain
integrity of overall coating longevity. Also by
providing a tightly adherent metal overlay'on the
surface activation layer, there is maintained not only
integral attachment but also desirable electrical
contact from the concrete to the overlay. Although the
active layer can be the first applied coating and the
next layer can be an applied metal overlay, it will be’
understood that there may be some intermingling of these
materials without a clear and uniform distinction
between layers. Such intermingling of materials can be
enhanced by the porosity of the first layer.

Where the underlying concrete has been prepared for
coating, it is also contemplated that the active layer
and the metal may be applied simultaneously. This can
also provide for intermingling of applied materials.
Thus in an application such as thermal spray technique,
an activator material in solid form can be thermally
sprayed onto the concrete while at the same time a metal
is being sprayed onto the concrete. The resulting
overall coating can be a non-porous coating, although
some porosity, e.g. on the order of as little as 1% to
as much as 5 percent may be present in the coating owing
to the coating application technique. When jointly
applied as an active layer plus applied metal, the
resulting joint coating will typically have an adhesion
to the underlying concrete the same as for the coatings
applied individually, i.e., a bond strength of at least
about 0.338 MPa (50 psi). Coating thicknesses for the
jointly applied materials will usually tend to run
towards the higher levels of thicknesses for the
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individually applied layers, e.g. jointly applied
coating thicknesses on the order of 100 to 200 microns.

The ceramic oxide solid form activating material,
which may also be referred to herein as the "conductive
oxide", and that might be utilized in the melt spray
procedure can be in particulate form, e.g., titanium
oxide powder. Such powder may be sprayed from
commercidl non-conducting oxide, but deposit as a
conductive sub-oxide. This can be influenced by the
application temperature, and in spraying, such as plasma
spraying, by the composition of the plasma gases. The
oxide as a powder can have a particle size that
correlates generally to the particle size that would be
used if the corresponding metal were being sprayed. For
example, titanium oxide powder might have a particle
size within the range of 0.1-500 microns. The size of
the oxide powder can also be varied in the melt spray
operation to control the resulting density of the oxide
layer. More finely divided powder generally provides a
more dense, less porous layer. In addition to the
thermal spraying providing conductive valve metal
oxides, e.g., titanium suboxide, tantalum oxide and
niobium oxide, it is also contemplated to thermally
spray other materials including, but not limited to,
titanates, spinels, magnetite, tin oxide, lead oxide,
manganese dioxide and perovskites.

It is also contemplated to thermally spray together
the active material and the metal. Thus mixtures may be
applied, e.g., mixtures of metals and active material,
such as a pfemix of blended powders sprayed from a
single spray gun. As representative, titanium could be
in a mixture with at least one other metal, and this
mixture could be extended to include at least one oxide
of a metal. Also, the metals and active materials may
be cosprayed, e.g., each sprayed from a separate gun,
but at the same time, to mix together on the concrete

heet Has Been Reilaced

\\||\l\\ AN



e
6 "

_variation in contact pressure novable contact arns togg¢t er1bQ&RP%%fﬂ1

PLACEMENT SHEE

1, 141, 052 resuartimg-in]a

DAY

16

surface, or sprayed in layers, for example a metal layer
sprayed onto a spray applied oxide layer. Where the
spray application will result in layers, the top layer
could be a metal or cosprayed layer.

Where the concrete has been prepared for coating,
and metal is applied, a subsequent treatment can be used
on the metal coating for activation. This can be
applicétion of activating material in liquid form. In
such procedure, and regardless of whether the liquid
form activating material is applied directly to the
concrete or to metal applied to the concrete, it is
contemplated that such treatment can be performed by any
technique useful for depositing a liquid coating onto a
substrate surface. Most always painting, as by brush or
spray application, will be used.

These techniques will also be useful where the
activating material is applied directly to the concrete
and a metal coating is applied, but there will be a
subsequent ﬁreatment of the active coating. Such
techniques can be utilized when applying further liquid,
e.g., water, as to a porous titanium coating for best
underlayer activation of a first-applied activating
material.

Curing of applied coating, can follow applicafion.
For example, where a representative titanium metal
coating is first applied to the concrete and then a
liquid precursor composition convertible to an
activating material is used, e.g., a precursor
composition solution of cobalt nitrate hexahydrate, the
applied composition may be subject to thermal
activation. This will result in thermal deposition of
an electrochemically active coating on the titanium '
metal. Heating provides for effective thermal
conversion of the metal ions in the precursor
composition to electrochemically active metals or metal
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oxides, e.g., cobalt oxide. This thermal conversion may

be accomplished such as by flame or infra-red heating.
Other liquid precursor compositions can also be
utilized. In addition to cobalt, these can contain
coating ingredients , e.g., metals in solution, such as
represented by manganese, iron, tin, precious metals,
e.g., platinum, and the like.

It is of particular interest, where the precursor
composition for the activating material has been applied
to either the concrete, or to the metal, or to both, to
polarize the metal anodically to affect deposition of
the active material in electrochemical active form,
e.g., as oxides. As an example, cobalt nitrate
hexahydrate precursor composition can be applied as an
agueous solution to thermally applied, representative
titanium metal. The titanium metal can then be
energized by anodic polarization to affect deposition of
cobalt oxide at the surface of the titanium metal. Or
the cobalt solution can be applied to the concrete. It
will soak into the concrete so that the subsequently
thermally applied metal, e.g., the representative
titanium metal, will have the desired adhesion to the
concrete, as discussed above. Then the titanium metal
can be energized and effect cobalt.oxide deposition on
‘the portion of the titanium metal which faces the
concrete. For efficiency, it is advantageous for any
such anodic polarization that the metal be polarized at
a current density of at least about 10.76 maA/m* (1
mA/ft?) .

As a representative of active materials that may be
used, e.g., applied to the metal, some of which have
been mentioned hereinbefore, are those provided from
platinum or other platinum group metals or they can be
represented by active oxide coatings such as platinum
group metal oxides, magnetite, ferrite, cobalt spinel or
mixed metal oxide coatings. _Such coatings have
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the industrial electrochemical industry. Suitable
coatings of this type have been generally described in
one or more of the U.S. Patent Nos. 3,265,526,
3,632,498, 3,711,385, and 4,528,084. The mixed metal
oxide coatings can have at least one oxide of a valve
metal and at least one oxide of a platinum group metal.
The mixed oxides can often include a platinum group
metal including platinum, palladium, rhodium, iridium
and ruthenium or mixtures of these as well as mixtures
with other metals. Further coatings can comprise tin
oxide, manganese dioxide, lead dioxide, cobalt oxide,
ferric oxide, platinate coatings such as M,Pt,0, where M
is an alkali metal and X is typically targeted at
approximately 0.5, nickel-nickel oxide and nickel plus
lanthanide oxides.

For application to concrete, e.g., spraying of
either metal or ceramic oxide, the application is to
almost always provide an essentially continuous coating,
but one which may have porosity as above discussed.
However, it is contemplated that the application may be
other than continuous, such as in strip form, e.g., have
unsprayed areas between sprayed strips, forming a grid
with exposed areas of concrete between the sprayed
strips, or in some other partial coating pattern on the
‘substrate.

When coating of the concrete surface has been
completed, the electrical resistance of the coating
should be within the range from about 0.1 to about 20
ohms/sg. That is, a square centimeter after coating
should have a resistance within such range when measured
across the one centimeter dimension of the square.. An
electrical resistance of less than about 0.1 ohms/sq.
can be uneconomical. An electrical resistance of
greater than about 20 ohms/sq. is insufficient to carry
the current without excessive voltage loss. Preferably
the electrical resistance of the coating for an active

————
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metal coating utilizing the representative metal
titanium, will have an electrical resistance of from
about 0.1 to 1.0 ohms/sqg.

Where the coating on the concrete will serve as an
anode means, the coating may be covered. It may have a
covering such as of paint or concrete. Also where the
coating will serve as an anode, there can be connected
to the anode a current lead, e.g., a metal wire or
strip. This anode may then be connected by the current
lead in an electrical circuit with a power source and to
the concrete reinforcement. Where the coating of the
concrete is initiated by application of activating
material, the next applied layer is an electrically
conductive overlay which is virtually always an applied
metal overlay. However, it is also contemplated that
such next applied layer can be other than a metal, such
as an electrically conductive paint, including paints
such as ceramic-oxide~containing paints, including
mixed-metal-oxide-containing paints and carbon-
containing paints where such substances as the oxides
and the carbon are intimately mixed in the paint. 1In
any Ease, the activation layer and the overlay are in
adherent, electrically conductive contact with one
another.

In addition to being serviceable, it is to be
understood that the resulting coating can be decorative.
Hence, a titanium coating on concrete may provide a
pleasing metallic blue finish to a concrete surface.
Other color tones of the coated concrete can include
gray and gold tones.

The following examples show ways in which the
invention has been practiced but should not be construed
as limiting the invention.
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EXAMPLE 1

For test purposes, concrete blocks were used which
were prepared from Type 1 Portland cement, silica sand
fine aggregate and 25.4 mm (1 inch) minus coarse
aggregate in a weight proportion of cement to sand to
coarse aggregate, on a per cubic yard basis, of
1:2:2.95. Each block measured one square foot by six
inches thick. Each concrete test block thereby provided
a one-square foot test surface. Each block contained
eight steel reinforcing bars running through the length
of the block and extending outwardly from the block at
each end of the bar. One set of four steel bars was
located one inch below the test surface and the bars
were spaced apart on 63.5 mm (2 1/2 inch) center-line
distance. A second set of four bars was parallel to the
first set, one inch above the bottom surface of the
block. The one sguare foot test surface of the block
was grit blasted to remove laitance. More particularly,
the test surface was blasted with grit of No. 20 Al,0, at
0.473 MPa (70 psi), using a 101.6 mm (4 inch) standoff
and at a 45°-60° angle. The resulting surface was then
cleaned of grit using compressed air.

After compressed air cleaning, of a concrete test
-block, it was flame sprayed using an oxy-acetylene flame
with a 3.2 mm. diameter grade 1 titanium wire feed, and
a Metco 10E flame spray gun. For the flame spraying,
the gases used, and conditions, were: oxygen at 0.203
MPa (30 psi) and flowmeter at 15; acetylene at 0.101 MPa
(15 ﬁsi) and flowmeter at 30; compressed air at 0.439
MPa (65 psi) and flowmeter at 53. The titanium metal
was applied in 4 passes at a gun speed of 300 mm/sec,
and at a standoff of 152.4 mm (6 inches). The weight of
the titanium metal consumed was 761.7 g/m® (70.8 g/ft?).
The bond strength between the flame spray applied
titanium layer and concrete substrate was evaluated.
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This was done by an Elcometer Adhesion Tester Model No.
106 which tested adhesion by pulling a test dolly that
had been epoxy glued to the coating away from the
substrate. The coating thus produced had a bond
strength of 1.405 MPa (208 psi), as measured by the
Elcometer adhesion tester, and a resistance of 0.15
ohms/square. The coating was porous (estimated at 80%
dense from photomicrographs) and had a measured
thickness of 100 microns (4 mils) using a photo-
micrograph scale of cross sections. Thus, titanium-
metal as a wire feed to a flame spray gun can be
suitably applied to concrete. The application results
in a serviceable titanium metal coating having
acceptable adhesion, porosity and coating thickness.

The concrete and titanium metal coating described
above were then energized anodically in an outdoor test
yard at a current density of 21.5 maA/m? (2.0 mA/ft?) by
attaching one lead of a constant current power supply to
the coating and the other lead to the concrete
reinforcement. After one month on~line, the concrete
block was operating at a voltage ranging from 2.5-4.0
volts. The electrode potential of the titanium coating
was 1230 mV vs. a saturated calomel reference electrode,
and the electrode potential was slowly drifting more
anodic with time. After 200 days on-line, the voltage
had elevated to 6 volts and the coating potential was
1800 mV vs. the reference electrode. Hence, the
uncatalyzed titanium provides only threshold cathodic
protection, since its potential is high and it is slowly
passivating with time.-

EXAMPLE 2

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1. It was flame sprayed with grade 1 titanium
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using the wire feed and a Metco 10E flame spray guh, and
while using the oxygen, acetylene and air conditions all
as described in Example 1. The titanium metal was
applied in 3 passes at a gun speed- of 500 mm/sec, and a
standoff of 114.3 mm(4-1/2 inches). The weight of the
titanium metal consumed was 457 g/m® (42.5 g/ft?). The
coating thus produced had a bond strength of 0.676 MPa
(100 psi), and a resistance of 0.17 ohms/square. The
coating was porous (estimated at 80% dense) and had a
measured thickness of 75 microns (3 mils), measured as
described in Example 1.

The titanium ﬁetal coating was then painted with an
aqueous solution containing 300 g/l of cobalt nitrate
hexahydrate, (Co(NO,),)'6H,0. This coat was allowed to
air-dry, and a second coating of the same solution was
applied. A ﬁotal of 14~1/2 ml of solution were used,
resulting in an application of 9.47 g/m? (0.88 g/ft?) of
cobalt to the titanium metal coating.

The concrete block was then energized anodically in
an outdoor test yard at a current density of 2 mA/ft? in
the manner as described in Example 1. This polarization
caused cobalt oxide to be deposited within, and at the
electrochemically active surfaces, of the titanium metal
coating. The concrete block and the coating were
‘maintained in this energized state and after one month
on-line the block was operating at a voltage of 1.3
volts. The electrode potential of the activated coating
was ranging from 580~600 mV vs. a saturated calomel
reference electrode, and was stable with time. After
150 days on-line, the voltageiwas still 1.3 volts and
the coating potential ws 600 mV vs. the reference
electrode. This example shows how a cobalt activated
flame sprayed titanium metal coating can provide for
cathodic protection of the block in a low voltage, low
potential and stable operation. '
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EXAMPLE 3

A concrete block, as described in Exé&ble 1, was
blasted with no. 40 black slag grit at 0.54 MPa (80 psi)
to roughen the concrete and provide a newly exposed
surface. After compressed air cleaning, it was electric
arc'sprayed using a Hobart-Tafa Model 8830 electric arc
gun with an extra-fine Red Nozzle spray tip. Air usage
was 1.0 m*/min. (35 CFM (cubic feet per minute)) at a
pressure of 0.405 MPa (60 psi). Grade 1 titanium fed as
two 1.6 mm diameter wires was sprayed onto the concrete
in a single pass at a gun speed of 164 mm/sec and a
standoff of 152.4 mm.(s inches). Titanium consumed
under these conditions was 965 g/m? (89.7 g/ft®). The
coating thus produced had a bond strength of 1.82 MPa
(269 psi), and a resistance of 0.35 ohms/square.

The titanium metal coating was then painted with an
aqueous solution containing 300 g/l cobalt nitrate
hexahydrate. This coat was allowed to air dry and a
second coat of the same solution was applied. A total
of 33.7 ml of solution was used resulting in an
application of 21.95 g/m? (2.04 g/ft?) of cobalt to the
titanium metal coating.

The concrete block was then energized indoors in a
chamber with 80~90% relative humidity at a current
density of 21.5 mA/m® (2.0 wmA/ft?)in the manner as
described in Example 1. This polarization caused cobalt
oxide to be deposited within, and on the
electrochemically active surfaces of the titanium metal
coating.. The concrete block and the coating were
maintained in this energized state and after 20 days on-
line the block was operating at a voltage of 1.65 volts.
The coating was operating at an electrode potential of
730 mV vs. a saturated calomel reference electrode and
was stable with time. This example shows how a cobalt

————
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activated electric arc sprayed titanium metal coating
can provide for cathodic protection of the reinforced
concrete block with a low operating voltage, low
electrode potential, and stable operation.

EXAMPLE 4

A concrete block, as described in Example 1, was
blasted with No. 20 aluminum oxide grit to roughen the
concrete and provide a newly exposed surface. After
compressed air cleaning, it was electric arc sprayed
using a Hobart-Tafa Model 8830 electric arc gun. The
metal sprayed was grade 2 titanium in wire form. The
metal is sprayed onto the concrete in a double path at a
gun speed of about 254 mm/sec (10 inches/sec), a
standoff of 152.4 mm (6 inches) and an electrical
current of 150 amps. The titanium wire consumed under
these conditions was 602.5 g/m?> (56 g/ft?). The coating
thus produced had a bond strength of 1.42 MPa (210 psi).

Two additional concrete blocks were prepared for
coating as described above. For one block, 24 hours
before the application of the titanium coating, the
concrete block was painted in the manner of Example 3
with cobalt nitrate hexahydrate to provide a coating of
140 g/m? (1.3 g/ft?) of cobalt to the concrete. An
additional concrete block was prepared in the same way,
but the coating providing the 140 g/m?> (1.3 g/ft?)of
cobalt on the block was applied 15 minutes before the
application of the titanium coating. Both blocks then
had titanium applied in the manner as described
hereinabove.

The block first prepared as described hereinabove
with the titanium coating directly on the concrete, was
then treated in the manner described hereinbefore by
painting the cobalt nitrate hexahydrate solution on the
titanium metal coating to provide 140 g/m? (1.3 g/ft?) of
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cobalt to the applied titanium metal. All three
concrete blocks were then energized indoors at a current
density of 21.5 mA/m?® (2.0 ma/ft?) in the manner as
described in Example 1. This test continued for five
days and the blocks were then monitored for cell
voltage. The block which was activated with the cobalt-
containing coating that had been applied over the
titanium metal coating, was operating at a cell voltage
of 1.8 volts. The two blocks which had the cobalt
coating applied directly to the concrete block, prior to
the titanium coating, exhibited unacceptable readings.
The block coated with the cobalt-containing coating 24
hours before the titanium metal spray coating had a
voltage of 7.2 volts and the block coated with the
cobalt solution 15 minutes before applying the titanium
coating had a voltage of 7.0 volts.

For these two blocks with unacceptable voltages,
tap water was sprayed on the exposed titanium surface of
the blocks. The cell voltages were then taken two days
later with the block having the cobalt solution applied
on top of the titanium layer still providing an
acceptable 1.62 volts. The otﬁer two blocks were also
demonstrating acceptable voltages. The block coated 24
hours earlier with cobalt solution before titanium
application had a voltage of 2.03 volts while the block
coated 15 minutes with cobalt solution prior to titanium
application had a voltage of 1.88 volts. After a
further week, these voltages for these three blocks,
respectively, were 1.58 volts, 1.79 volts and 1.82
volts. This example thus demonstrates successful
activation of the concrete surface for solution applied
directly to the concrete prior to application of the
spray applied titanium metal. However, water activation
is advantageous for best success.
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EXAMPLE 5 -&&.

A coating of titanium metal was produced, on a cne
square foot concrete block test surface prepared as
described in Example 1, for each of eight concrete
blocks. The feed metal used was a titanium powder
having particle size between 200 and 325 mesh. The
powder was 99.5% titanium, with a balance of impurities
including iron, carbon, nitrogen, oxygen and hydrogen.
The test surface was coated with the metal using a Metco
plasma spray gun equipped with a GH spray nozzle. The
spraying conditions were: a current of 500 amps; a
voltage of 45 - 50 volts; a plasma gas consisting of
argon and helium; a titanium feed rate of 1.36 kg/hr. (3
pounds per hour); a transverse spray speed of either '
400, 500 or 800 millimeters per second (mm/sec.); an
exposure of one pass per block; and a standoff of 69.85
mm-101.6 mm (2.75 (4 blocks) or 4 (4 blocks) inches).
Two concrete blocks had their test surfaces preheated
before the plasma spray application of the titanium
layer. Preheating was done by one pass with the plasma
spray gun at a transverse speed rate of 400 mm/sec. and
a standoff of 101.6 mm (4 inches) for one block and
69.85 mm (2.75 inches) for the other block.

All coated surfaces, by visual examination,
appeared to be free from surface defects, and have a
uniform, but porous coating with no coating delamination
from the concrete substrate.

For coating a second set of the concrete blocks,
there was used a commercially available titanium powder,
having a median particle size of 325 mesh. The same
spray conditions were used as described above except
that an exposure of 2 passes per block were used for one
block, and for this block the titanium metal was applied
at a transverse spray speed of 400 mm/sec. and a
standoff of 69.85 mm (2.75 inches). From the results of
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adhesion testing for these samples, the adhesion between
the titanium layer and the concrete substrate was found
to vary from 1.86~2.70 MPa (275 psi to 400 psi). This
example shows how titanium metal as powder can be plasma
sprayed onto concrete to provide a desirable metal
coating preparatory to providing an electrochemically
active metallic coating. The titanium metal coating can
have desirable bond strength with the concrete, under a
variety of application conditions.

EXAMPLE 6

Concrete test blocks as described in Example 1 were
prepared in the manner of Example 1 with the grit
blasting being conducted for 2 minutes and 10 seconds,
plus or minus 5 seconds. A first test block was
preheated in the manner described in Example 5 but using
a 3 inch standoff. Thereafter the coating applied on
the concrete block test surface was initiated with a
titanium oxide powder, having all.particles more finely
divided than ~44 microns, +5.6 microns. The spray gun
and spray conditions were as described in Example 5,
e.g., one pass application, at a 400 mm/sec. transverse
spray speed, except that the plasma spray gas consisted
‘of argon and hydrogen, the standoff was 76.2 mm (3
inches) and titanium oxide feed rate was 3.17 kg/hr (7
pounds per hour). Following this application, there was
then applied to the resulting titanium suboxide layer an
over layer of titanium metal using the powder as first
described in Example 5. This titanium metal powder was
plasma spray gun applied, in three passes, in the manner
of Example 5.

Subsequently, three more test blocks were prepared
with this titanium suboxide first layér, titanium metal
overlay'éombination. BEach of the subsequent blocks were
preheated in the manner as above described at a
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transverse spray gun speed of 500 mm/sec. For the
titanium suboxide application, the spray gun transverse
spray speed was at 400 mm/sec. for one block and at 800
mm/sec. for 2 blocks, all at a 76.2 mm (3 inch)
standoff. The titanium metal powder top coating was
applied as described above in this example, including
three passes of the spray gun.

For 'selected surfaces, the resulting combination
layer of titanium suboxide underlayer and titanium metal
overlay on the concrete blocks surface was found to have
a thickness of about 100 microns. Coating adhesion for
these blocks, measured in the manner as described in
Example 1, was found to vary from 1.35-2.02 MPa (200 psi
to 300 psi). This example shows how such a combination
layer can be desirably prepared on concrete using plasma
spraying. The combination layer exhibits both desirable
coating thickness and bond strength.

EXAMPLE 7

A concrete test block as déscribed in Example 1 was
provided with a titanium metal layer in the manner as
described in Example 5. The plasma spray applied
titanium metal layer on the concrete had a thickness of
‘about 30 microns and an adhesion to the concrete surface
of about 2.02 MPa (300 psi), all as determined in a
manner as described hereinbefore. The titanium layer
was then coated with an agueous solution of manganese
sulfate (MnS0,) containing 100 gm/1 (grams per liter)
MnS0,. This coating resulted in a loading of 1.1 gms of
Mn per square foot of titanium metal.

The test block was then energized by making the
coating anodic at a current density of 21.5 mA/ft? (2.0
mA/ft.?). The coating, when energized, operated at 21.5
mA/ft? (2.0 mA/ft.?) at a single electrode potential of
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545 mV vs. a saturated calomel reference electrode,
confirming good activation of the titanium metal.

EXAMPLE 8

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in
Example 1, except the grit blasting was at a 90° angle.
The block was arc sprayed using a 1.59 mm diameter grade
1 titanium wire feed in a Hobart-Tafa Model 9000 wire
arc gun fitted with a green air cap and a large cross
positioner. The carrier gas to propel the atomized
titanium onto the concrete surface was air at 0.405 MPa
(60 psi). Gun speed was 200 mm/sec at an index (jump)
of 9 mm and a standoff of about 101.6 mm (4 inches) (10
cm). Titanium consumed under these conditions was 338
g/m® (31.4 g/ft?). The coating was produced at a bond
strength of 1.91 MPa (283 psi) and a resistance of 0.33
ohms/square. Titanium weight gain, as measured by
weighing the block before and after titanium .
application, was 257 g/m*® (23.92 g/ft?), indicating a
deposit efficiency of 76.2%.

A second concrete block was prepared as above
described and titanium was applied using the conditions

‘as above described, except that the gun standoff was 4.5

inches, and nitrogen was used as the carrier gas. Under
these conditions, the electrical resistance of the
resulting applied titanium coating was 0.20 ohms/square.
Bond strength was still a desirable 1.57 MPa (233 psi).
Moreover, in addition to the improvement in electrical
resistance, the titanium weight gain was measured as 292
g/m?* (27.20 g/ft?), indicating a deposit efficiency of

86.6%. These tests demonstrate that the use of nitrogen'

as the carrier gas resulted in a more efficient
deposition of titanium, providing a titanium coating
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which is thicker and more conductive than coatings using
air as carrier gas.
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CLAIMS

1. Coated concrete, coated with a thermaily
sprayed, tightly adherent, non-corroding and
electrochemically active metallic coating.

2. The coated concrete of Claim 1, wherein said
metallic coating is coated on a roughened surface of
said concrete.

3. The coated concrete of Claim 2, wherein said
roughened surface is a surface roughened by blasting
with one or more of alumina, steel shot, guartz sand,
silica, slag, or silicon carbide.

4. The coated concrete of Claim 2, wherein said
roughened surface is abraded and preheated.

5. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of at least about 0.338
‘MPa (50 psi).

6. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating adheres to the
concrete with a bond strength of between about 0.676 MPa
(100 psi) and about 3.38 MPa (500 psi).

7. The coated concrete of Claim 1, wherein said
tightly adherent metallic coating is integrally attached
to said concrete in adherent, electrical contact.
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8. The coated concrete of Claim 1, wherein said
metallic coating is porous.

9. The coated concrete of Claim 8, wherein said
metallic coating has a porosity within the range of from
about 5% to about 30%.

10. The coated concrete of Claim 1, wherein said
metallic coating has a thickness within the range of
from about 20 microns to about 200 microns.

11. The coated concrete of Claim 1, wherein said
metallic coating has a thickness within the range of
from about 25 microns to about 100 microns.

12. The coated concrete of Claim 1, wherein said
non-corfoding metallic coating has a corrosion rate less
than 0.05 mil per year when polarized anodically, at a
current density of at least about 10 milliamperes per
square nmeter.

" 13. The coated concrete of Claim 1, wherein said
metallic coating has an electrical resistance within the
range of from about 0.1 to about 20 ohms/square.

14. The coated concrete of Claim 1, wherein said
metallic coating is thermally sprayed by one or more of
flame spray, electric arc spray, plasma spray, high
velocity oxyfuel spray, or detonation gun spray.

15. The coated concrete of Claim 14, wherein the
metal for said thermal spraying is in wire form.

16. The coated concrete of claim 15, wherein said
metal fdgm'wire is pretreated.
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17. The coated concrete of claim 14;'wherein said
thermal spraying is with nitrogen gas.

18. The coated concrete of Claim 1, wherein said
coating is thermally sprayed on one or more of mortar,
grout or concrete.

19. The coated concrete of Claim 1, wherein said
metallic coating is a coating comprising one or more of
the metals titanium, tantalum, niobium, zirconium,
hafnium, molybdenum, tungsten, alloys of same and
intermetallic mixtures of same.

20. The coated concrete of Claim 19, wherein said
metallic coating is a metal coating of one or more of
elemental titanium metal, titanium metal alloy, or
intermetallic mixture containing titanium.

21. The coated concrete of Claim 20, wherein said
titanium coating is an intermetallic mixture containing
titanium plus one or more of nickel, chromium,
manganese, tin or iron.

22. The coated concrete of Claim 1, wherein said
‘metallic coating comprises an overlay on an activated
concrete surface.

23. The coated concrete of Claim 22, wherein said
activated concrete surface comprises one or more of
titanium suboxide, magnetite, cobalt oxide, manganese
dioxide or lead oxide on said concrete surface.
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24. The coated concrete of Claim 1, wherein said

34

elegtrochemically active metallic coating comprises a
metal that is activated with an active material.

25. The coated concrete of claim 24, wherein said
metal is moistened in activation of said active
material.

26. The coated concrete of Claim 25 wherein said
active material comprises a platinum group metal or
contains at least one oxide selected from the group
consisting of platinum group metal oxides, magnetite,
and oxides of cobalt, manganese, and lead.

27. The coated concrete of Claim 26, wherein said
active material contains a mixed oxide material of at
least one oxide of a valve metal and at least one oxide
of a platinum group metal.

28. The coated concrete of Claim 1, wherein said
concrete is reinforced concrete and said metallic
coating is connected in an-electrical circuit with the
reinforcement.

29. The coated concrete of Claim 1, wherein said
metallic coating comprises an anode means.

30. The coated concrete of Claim 1, wherein said
metallic coating is present on said concrete as strips
forming a grid of strips with open spaces between the
strips exposing underlying concrete.

*31. Coated concrete coated with a thermally

sprayed, tightly adherent surface actlvatlon layer on
T Hﬂ
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the concrete surface, and a thermally sprayed, ﬁ}ghtly
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adherent and non-corroding metal overlay on said surface
activation layer.

32. The coated concrete of Claim 31, wherein said
surface activation layer comprises one or more of
thermally sprayed titanium suboxide, magnetite, cobalt
oxide, manganese dioxide or lead oxide on the concrete
surface.

33. The coated concrete of Claim 31, wherein said
tightly adherent metallic overlay is integrally attached
to said concrete in adherent, electrical contact.

34 . The coated concrete of Claim 31, wherein said
metallic overlay is porous.

35. The coated concrete of Claim 34, wherein said
metallic overlay has a porosity within the range of from
about 5% to about 30%.

36. The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of
from about 20 microns to about 200 microns.

37. The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of
from about 25 microns to about 100 microns.

38. The coated concrete of Claim 31, wherein said
non-corroding metallic overlay has a corrosion rate less
than about 0.05 mil per year when polarized anodically,
at a current density of at least about 10 milliamperes
per square meter.
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39. The coated concrete of Claim 31, wherein said
metallic overlay has an electrical resistance within the
range of from about 0.1 to about 20 ohms/square.

40. Coated, reinforced concrete coated with a
thermally sprayed, tightly adherent coating of non-
corroding metal plus active material, which metal plus
active material are thermally sprayed together onto a
surface of said concrete.

41. The coated concrete of Claim 40, wherein said
metallic coating is thermally sprayed by one or more of
flame spray, electric arc spray, plasma spray, high
velocity oxyfuel spray, or detonation gun spray.

42. The coated concrete of Claim 40, wherein a mix
of said metal plus active material is thermally sprayed
onto said concrete surface.

43. The coated concrete of Claim 40, wherein a
thermal spray of said metal mixes on the surface of said
concrete with a separate thermal spray of said active
material.

44. The method of protecting reinforced concrete
with a cathodic protection coating on a surface of said
concrete, which method comprises thermally spraying
together an active material plus non-corroding metal
onto a surface of said concrete.

45. The method of Claim 44, wherein a mix of said
metal plus active material is thermally sprayed onto
said concrete surface.

46. The method of Claim -45, wherein said mix
comprises titanium together as an intermetallic mixture
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with at least one other metal, or with at least one
oxide of a metal.

47. The method of Claim 44, wherein a thermal
spray of said metal mixes on the surface of said
concrete with a separate thermal spray of said active
material.

48. The method of Claim 47, wherein said active
material contains a platinum group metal or contains at
least one oxide selected from the group consisting of
platinum group metal oxides, magnetite, and oxides of
cobalt, manganese and lead.

49. In the method of cathodicaily protecting
reinforced concrete with a non-corroding, _
electrochemically active coating which is present as a
metal-containing coating on the surface of .said
concrete, which coating initially contains a metal
having at its surface precursor composition convertible
to an active ingredient for said coating, the
improvement in said method compfising establishing on
said concrete such coating comprising said precursor
composition, connecting said metal of the coating in an
-electrical circuit, and anodically polarizing said metal
to convert said precursor composition to active
ingredient.

T 50. The method of Claim 49, wherein said coating
comprises titanium metal which is connected in an
electrical circuit with the reinforcement of said
concrete.

51. The method of claim 49, wherein material
comprising said precursor composition is applied to said
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52. The method of Claim 49, wherein material

comprising said precursor composition contains a metal

in solution of one or more of cobalt, manganese, iron

and tin and said active ingredient includes said metal

in electrochemically active form.

53. The method of Claim 49, wherein said metal

surface is anodically polarized at a current density of
at least about 10.8 mA/m?(1 mA/ft?).

54. The method of applying a tightly adherent,

non-corroding and electrochemically active metallic

coating to a surface of a concrete substrate, which

method comprises:

roughening the surface of said concrete by abrading
said surface and freshly exposing a concrete
surface; and

thermally spraying a metal onto the resulting
roughened surface with a spray gun in an amount of
sprayed metal having a thickness of from about 20
microns to about 200 microns;

wherein said spraying comprises:

applying said metal onto said concrete at a
standoff from the surface of said concrete within
the range of from about 63.5-152.4 mm (2 1/2 inches
to about 6 inches); while

conducting said spraying at an application rate
across the concrete surface at a speed within the
range of from about 100 to about 800 millimeters

, per second.
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stationary contact armon the load side, one pin is novable in said guide
stot to permt carried on each of the said pair of

novabl e cont act arnB ‘t 0 be sepa- stationary contact arms, a novabl e
contact rated avvay jmﬁm'cﬂ éd stationary con- 15 asserrbly
separably engaging ts mhlle bei ng mai nt ai ned

substantially equi -

55. The méthod of Claim 54, wherein said spraying
provides a metal amount having a thickness of from about
25 to about 100 microns, which metal amount is applied
at a gun speed of from about 206 to about 500
millimeters per second.

56. Coated concrete coated with an integrally
attached, electrochemically active oxide coating.

57. The coated concrete of Claim 56, wherein said
active oxide coating is one or more of titanium
suboxide, magnetite, cobalt oxide, manganese dioxide,
lead oxide or mixtures thereof.

58. The coated concrete of Claim 56, wherein said
oxide coating is in adherent, electrical contact with
said concrete.

59. The coated concrete of Claim 56, wherein said
active oxide coating is present on a surface of said
concrete together with an electrically conductive
overlay.

60. The coated concrete of Claim 59, wherein said
.overlay comprises one or more of a metal or a paint.

61. The coated concrete of Claim 59, wherein said
active oxide coating and said overlay are in adherent,
electrically conductive contact with one another.

62. The coated concrete of claim 56, wherein said
active oxide coating is present on a surface of said
concrete as an active oxide intimately mixed in a paint

coating.
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stationary contacts to bridge the latter, an distant fromthe latter.
operating mechani smfor engaging and dlsen~ 4. Acircuit interrupter as
claimed in claim gagi ng the novabl e contact assenbly with and 1, 2 or
3, wherein a flexible conductor is pro- fromthe stationary contacts,
rel easabl e neans vided for electrically connecting said pair of
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REINFORCED CONCRETE STRUCTURE
Abstract of the Disclosure

A metal coating of typically a valve metal,
especially a titanium metal coating, is applied by
thermal spraying to the surface of concrete, most
particularly steel-reinforced concrete. The metal such
as titanium may be sprayed by any one of several thermal
spraying techniques including flame spray, electric-arc
spray, plasma spray, high-velocity oxyfuel spray, or
detonation gun spray. The metal coating should be
tightly adhered to the concrete and desirably will have
a porosity to facilitate extensive coating of the metal
itself, as well as facilitate any activation that may be
needed for the metal. Such activation can be in the
form of an active material which allows the coating to
function catalytically. One coating option is to apply
a solution onto the spray-applied metal, then polarize
the metal anodically to effect deposition of active
material on the metal. Another option includes
depositing active material directly onto the concrete,
then applying an adherent, electrically conductive
overlay such as a titanium metal coating to the treated
concrete.
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Description

Backaround of the Invention

In addition to reinforcing concrete internally with
metal, it has been known to apply metal to the surface
of concrete. In U. S. Patent 1,898,864 a metal-faced
building unit is prepared. The building unit is of a mate-
rial such as concrete or cement. The metal facing, e.g.,

a steel facing, can be adhesively adhered to the con-
crete or cement body of the building unit.

Where the concrete is reinforced concrete, and the
concern is corrosion of reinforcement embedded in the
concrete, the metal applied to the concrete surface may
be for retarding metal reinforcement corrosion. in U. S,
Patent 4,506,485, it is taught to flame spray an electri-
cally conductive metal, e.g., zinc, onto a freshly
exposed surface of concrete. The concrete can have
steel embedded therein as reinforcement. The sprayed .
metal cover and embedded steel are joined in an elec-
tric circuit. Such means will be useful for precluding
deterioration of the embedded reinforcement.

By covering a concrete surface with flame sprayed
zinc and then electrically connecting the zinc. with stgel
reinforcement of concrete, the assembly takes advan-
tage of the sacrificial characteristic of the zinc to cathod-
ically protect the embedded reinforcement. This leads
to a gradual loss of zinc ‘and loss of effectiveness of
cathodic protection. It would be desirable to avoid or
retard this loss.

it would be further desirable to provide a system
that combines effective concrete-to-applied-metal bond
strength, together with fast application and enhanced
long term protection. | e e
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. l:ease t he rel easabl e neans, the novable con- a pair of spaced, parallel
hol der plates, said 25 tact assenbly also being separable away from
Pl ates being longitudinally novable to engage 90 the stationary
. contacts through an electro- and di sengage sai d novabl e contact arnms with
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Summary of the invention

A system has now been devised for inhibiting corro-
sion of metal embedded as reinforcement in concrete,
with the system having enhanced economic potential.
The system also combines such potential with efficiency
and economy of application. The system utilizes applied
metal, which can be a very thinly applied layer of metal,
on a surface of concrete. The metal can have an excel-
lent long lifetime. During such extended lifetime, the
system can provide a uniformity of performance, free
from not only premature failure, but also free from a
gradual performance decline, which decline accelerates
deterioration of embedded reinforcement.

In brief, the invention in a particular aspect is
directed o concrete coated with a thermally sprayed,
non-corroding and tightly adherent electrochemically
active metallic coating. As a part of this aspect of the
‘invention, there might be included on the concrete a
porous titanium coating on a roughened surface of the
concrete. '

in another aspect, the invention is directed to
coated concrete, coated with a thermally sprayed tightly

adherent coating of non-corroding metal plus active
material, with one or both of the metal and active mate-

rial being thermally sprayed onto the surtace ot the con-
crete. The metal may form an overlay on a surface
activation layer, or the metal plus active material can be
thermally sprayed together onto the concrete.

And still a further aspect of the invention is directed
to the method of protecting reinforced concrete with a
cathodic protection coating on the suriace of the con-
crete, which method comprises thermally spraying
together an active material plus non-corroding metal

onto the surface of the concrete. I —
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stationary contact arms and the novable con- vided with a pair of aligned
gui de sl ots having tact assenbly i mredi ately upon the occur- a
¢onnecting pin novable therein, there being 30 rence of very high current

flow ng through the provided a pair of balancing rodsy
circuit interrupter, wherein said nnvablg con- togethé?qugﬁﬁgqé%@igy sai d

connecting pin

Another aspect of the invention is directed to the
method of cathodically protecting reinforced concrete
with a non-corroding, electrochemically active coating
which is present as a metal-containing coating on the
surface of the concrete, which coating initially contains
a metal having at its surface a precursor composition
convertible to an active ingredient for the coating. This
invention aspect comprises establishing on the concrete
such coating comprising the precursor composition,
connecting the metal of the coating in an electrical cir-
cuit, and anodically polarizing the metal to convert the
precursor composition to active ingredient.

Another invention aspect relates to the method of
applying a tightly adherent, non-corroding and electro-
chemically active metallic coating to a surface of a con-
crete substrate, which method comprises:

roughening the surface of the concrete by abrading
the surface and freshly exposing a concrete sur-
face; and

thermally spraying a metal onto the resulting rough-
ened surface with a spray gun in an amount of
sprayed metal having a thickness of from about 20
microns to about 200 microns;

wherein the spraying comprises:

applying the metal onto the concrete at a standoft
from the surface of the concrete within the range of
from about 63.5 - 152.4 mm (2 1/2 inches) to about
(6 inches); while conducting such spraying at an
application rate across the concrete surface at a
gun speed within the range of from about 100 to
about 800 millimeters per second.

In yet another aspect the invention is directed to
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Where the invention includes a thermally sprayed,

non-corroding and tightly adherent electrochemically
active metallic coating, the metallic coating may be a
metal that is activated with an active material, e.g., as by
application of an electrochemically active coating. Thus,
as used herein, the term "metallic coating™ can refer to
a metal that is activated:

As mentioned hereinabove, if an active material is
used, it may be that both such material and a metal, or
metals, are thermally sprayed, which can be separately,
or co-sprayed together. When separately sprayed, the
active material, or possibly one or more precursors of
the material, may be applied before the metal, or after
the metal, or both before and after.

Description of the Preferred Embodiments

The metal coating is applied to the surface of an
underlying material which generally for convenience will
be referred to herein as “"concrete”™. However, itis to be
understood that other similar masonry materials may be
utilized including mortars and grouts. Grouts and mor-
tars may contain cement, and may be used as an over-
lay, as on concrete. The concretes which are
contemplated to be metal coated include not only typi-
cally Portiand cement concrete but also structural con-
crete, ready mix concrete, low slump concrete, and
polymer modified concrete. The cements contemplated

include any of the recognized types of cements suchas -
~ high-early-strength cement, Portland-Pozzolan

cements, and masonry cements (mortars).

For reinforcement the concrete will usually have an
embedded reinforcement, or a reinforcing shape, such
as a wire or bar, which bar may be referred to as a
"rebar”. These will be metal reinforcements generally of
a ferrous material and most usually will be a steel rein-
forcing material. . '
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The surface of the concrete fo receive the spray
applied metal should be clean and sound. A freshly pre-
pared surface may be cleaned by blasting with com-
pressed air. Usually, cleaning will be done by
sandblasting, waterblasting, scarification, shotblasting,
and other similar methods. These methods may provide
not only a clean, but also a freshly exposed, roughened
concrete surface. One particularly desirable method for
preparing a clean concrete surface is gritblasting. Serv-
iceable grit for such purpose can include, aluminum
oxide, steel shot, ‘slag, quartz sand, silica and silicon
carbide. Where sandblasting or gritblasting has been
used, this can be followed by waterblasting or cleaning

- with compressed air for grit removal. Such prevides a
suitably desirable clean and rough surface for aug-

mented bond strength between the concrete and .
applied metal layer.

In the surface preparation, the blast media should
desirably roughen the surface. This can provide a sur-
 face texture, as by abrading the concrete. Extreme
abrasion can, however, be deleterious and weaken the
concrete. Thus removal of about 3.175-1.587 mm (1/8
inch to 1/16 inch) of the abraded portion of the surface
is usually serviceable. The resulting surface texture can
provide for enhanced adhesion and integral attachment
of the subsequently applied coating on the concrete, as
well as provide for good electrical contact between the
concrete and the applied coating.

When a freshly exposed and roughened clean sur-
face has been obtained, a surface coating is then
applied to the.concrete. For the metallic coating, it is a
thermally sprayed, non-corroding and electrochemicaily
active metallic coating. To be non-corroding, the metal
of the surface coating should have a corrosion rate of

less than about 0.05 mil per year when polarized anod-
ically, at a current density of at least about 10 mulliam-
peres per square meter (mA/m?). Thus a metai such as
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zinc which has a corrosion ra per year
under such conditions is completely unsuitable. Other
such metals as magnesium and aluminum, as well as
alloys such as zinc-aluminum alloys, babbitt. 316 stain-
less steel or 420 stainless steel, which have a greater

" corrosion rate than 0.05 mil per year, are not utilized.

Metals which are non-corroding, i.e., have the above-
defined low corrosion rate, can be sorviceably
employed in cathodic protection of the concrete rein-
forcing metal. Such cathodic protection will connect
such reinforcement metal and the applied metal coating
in an electrical circuit containing a power supply.

It is also important that the applied coating on the
concrete be an active metallic coating. By being "active™
as the term is used herein, the metallic coating is capa-
ble of freely and easily passing anodic current for an

_ extended period of time, typically several years, e.g.. 2-

5 years or more, while being non-corroding, when the
reinforcement and the metallic coating are electrically
connected. As explained hereinabove, such active
metallic coating may be a metal that is activated. An
example of a metal that is activated is a metal to which
there is applied an electrochemically active coating. -

A metal of particular interest is titanium metal. Tita-
nium metal has a corrosion rate of less than 0.05 mil per
year when polarized anodically. As a suitable active
metallic coating, it is contemplated that the fitanium
metal will virtually always be activated such as by apply-
ing an electrochemically active coating to the metal, as
will be discussed further on hereinbelow.

Typically, in addition to titanium, suitable metals
include the valve metals, but excluding aluminum. More
particularly, these valve metals, in addition to titanium,
are tantalum, niobium, zirconium, hafnium, molybde-
num and tungsten. Additionally, any of these metals
may be utilized as their alloys or intermetallic mixtures.

IREPLACEMENT §F
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These can be alloys or mixtures among the vaive metals

themselves, as well as with other metais. These will be
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el ectrodynam c repulsibn said pair of mov- fromits constrained position
to nove said pair 45 able contact arns are rotated in the opposite of

fiol der plates downwardly while during 110 di r eciREpPEE e-axes of
t he supporting downward novenent of said hol der platesnéggﬁgwah ns while

one_of sai d novabl e contact arns roll @ s.on both ends of said connecting
. employed so long as the appropriate criteria, e.g., the
alloy or mixture being non-corroding, are met. All of
these valve metais or alloys or the like may be activated
by application of electrolytic coating. For economy, as ,
well as efficiency of cathodic protection, titanium is the  —————oar ¢
preferred vaive metal. It will usually be referred to herein | WCEM’J“T
when specifying a metal, particularly a metal that is acti- W
vated, afthough it will be understood that metals other | _
than titanium could be employed. In referring to fita- S
nium, it will usually be termed the “representative”
metal. _
It is to be understood that mixtures of metals can
also be applied. For mixtures of metals, the mixtures
may take the form of doping. As representative, a metal
may be doped with typically from 2 to as much as 20
weight percent or more of an additional metal. As an
example, this could be doping of titanium with one or
more of nickel, chromium, manganese, tin or iron. As
representative, U.S. Patent 4,849,085 discusses flame

spraying a powder mixture of 9% nickel powder and
91% titanium powder.

The metal coating will be achieved by means which
‘include thermal spray application. This will most always
be flame spraying or electric arc spraying. Thus the feed
material will most always be in wire form, although the
use of a similar form, e.q., rod form, is contemplated. In
electric arc spraying the wires, suitably as two consum-
able wires, can serve as electrodes. The wires may be
in alloy form, e.g., where an active metal as an alloy is
being thermally deposited. In some instances, plasma
spraying may be the thermal spray operation of choice.
For example, where a metal is readily available in partic-
ulate form, such as in elemental form or as a mixture as
represented by a mixture of nickel and titanium metal
powders, then plasma spraying of such particulate form
material can be most serviceable. Also, spraying of an
oxide material can most always be by plasma spray
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Is maintained in rolling contact with the other strike against a stop
di sposed on the housing novabl e contact armthereby to separate the
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associ ated stationary contacts. ment of said novable contact arns
through said  application. Oxide materials, or just "oxides", which may
also be otherwise referred to herein for convenience as
"ceramic oxides", can be useful as activating materiatls,
and will be discussed in greater detail hereinbelow.

Whether the metal feed is in wire form or the like, or
in particulate form, the metal impacting the concrete will
be in particulate form such as droplets of moiten metal
or semi-molten metal in plastic form. Thus for conven-
ience, application may be referred to herein as material
applied in particulate form. In plasma spraying, the
metal is melted and sprayed in a plasma generated by
heating with an electric arc of ionized inert gases to high
temperatures, e.g., argon or nitrogen, optionally con-

taining a minor amount of additional gas such as hydro-
gen or helium. In such spraying, and more particularly in
arc spraying and flame spraying, nitrogen is the pre-
ferred inert gas, and without being in admixture with
other gases. It is to be understood by the use herein of
the term "thermal spraying” that aithough electric arc
spraying is preferred, the term is generally used for con-

‘venience and is meant to include generally high velocity
oxytuel spraying, riame spraying, plasma spraying, or
detonation gun spraying. Also, the spraying may simply
be referred to as "melt spraying".

The spraying parameters, such as the volume and
temperature of the spray, the spraying distance, the feed
rate of the constituents being sprayed and the like, are
chosen so that, for the spraying of metal, it is melted by
and in the spray stream and deposited on the concrete
surface while still substantially in melted or semi-plastic
form. Representative spray parameters can include a
standoff of from about 63.5 mm - 1524 mm (2 12 to 6
inches). Less than about 63.5 mm (2 1/2) inches may
lead to deleterious heating of the substrate, with accom-
panying substrate degradation such as spalling or
cracking. A standoff of greater than 6 inches may lead to
inefficient deposition and poor particle adhesion to the
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put sai d nmovablgHQpiReiUddally the spray gun will be swept across

the concrete surface at a gun speed of from about 100

to about 800 millimeters per second (mm/sec), or more

preferably at a gun speed of from about 200 to about
500 mm/sec. This speed, plus the material feed rate
and the number of passes of the gun over the same
area of concrete, will in large part determine the thick-
ness of the resulting coating. Generally, at a gun speed

of from about 100 to about 400 mm/sec. from 1 to 3
passes will be made with the gun when spraying the -
representative titanium metal.

However, for thin coatings faster gun speeds at only
one pass or so, can be desirable. Typically, spray
parameters like those used in the examples give satis-
factory results. Usually, the concrete surface during melt
spraying is maintained near ambient temperature. Usu-
ally simply allowing the substrate to air cool between
spray passes will be sufficient to maintain an ambient
temperature substrate. For some applications, e.g.,
applications at low ambient temperatures or for sub-
strates with high moisture content, it may be useful to
preheat the substrate surface béfore thermal spray
application. This can be done by using the spray device,
but without a material feed, although other means are
contemplated. Preheating of a substrate can enhance
the bond between the applied metal coating and the
substrate.

Aithough the spray feed material may be in other
form, e.g., particulate form, it is typically in wire form.
For the representative metal titanium, it will typically be
about a 1.27 - about 5.08 mm (0.05 inch to about a 0.2
inch) diameter wire. The wire may be pretreated, such
as to enhance the application of an active metallic coat-
ing. Pretreatment of titanium feed wire for arc spraying
has been described in U. S. Patent No. 5,066,513. In
powder form, the titanium might have a particle size
range of 0.1-500 microns. Particulate metals having dif-
ferent particle sizes should be equally suitable so long

bal anci ng rods thereby to
1, wherein said holder plate is provided with

to the longitudinal axis to Peceive the corres- tion and also to




pondi ng supporting pin for one of said nov-

where the contact
bearing. surfaces
wi thin said slot

ready for the

"arms in their OFF position
abl e contact arns, said correspondi ng support -

o e 0™ ot SLAEERE &

rotational noveneas #ieyard readify sprayapplied) Theeconstitiéncytof rupter i s

the particles is usually virtually all, to all, metal. For tita-
nium, as particles or wire, the titanium might be one of
several grades most usually grade 1 'atamum oran alloy
of titanium.

The thermally sprayed metal can have a thickness
on the concrete of from about 20 microns to on the order
of 150 to about 200 microns. A coating thickness of less
than about 20 microns may result in non-uniformity of
the coating and can result in increased electrical resist-
ance of the coating. On the other hand, for economy, the
thickness of the applied metal will not exceed about 200

- microns. For the representative titanium metal, a coat-

ing thickness within the range of from about 25 to about
100 microns can be suitable. In plasma spray applica-
tion of titanium powder, this can be readily achieved in
typically one to two passes of the spray gun over the
concrete surface, e.g., at a gun speed of 400 mm/sec. If
due care is not exercised, coating thicknesses above
about 150 microns may lead to some potential metal
delamination for titanium metal. Thus, coating thick-
nesses above about 150 microns are less usual. Advan-
tageously, for enhanced economy, plus efficiency and
extended cathodic protection for the applied metal, the
metal will be present on the concrete surface at a thick-

ness within the range from about 25 to about 100
microns.

The applied metal coating will generally have a
porosity typically from at least about 5%, but not
exceeding about 30%. The characteristic of porosity is
particularly serviceable for applied metals wherein an
active material is applied to the metal. Porosity assists
in providing for penetration of any applied activating
coating into the applied metal, thus enhancing efectro-
chemical activity of the overall coating. A porosity of the
applied metal of less than about 5% will be insufficient
to provide for desirable activation coating penetration.
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on the source On the other hand, a porosity for the metal of greater
than about 30% may lead to uneconomical application
of the active coating onto the concrete, rather than on
the metal. Advantageously for enhanced deposition of
active coating, the metal will have a porosity of from
about 10% to about 25%. The applied metal should
have a bond strength with the underlying concrete of at
least about 0,343 MPa (50 pounds per square inch
(psi)). Moreover, to maintain good coating integrity, as
on surfaces that may be subject to abrasion or other
rough treatment, and again particutarly on non-horizon-
tal surfaces, it will be advantageous for the applied
metal to have a bond strength with the underlying con-
crete of at least about 100 psi. It will, however, not be
unusual for the metallic coating to adhere to the under-
lying surface with a much greater bond strength, e.g.,
1,37 - 3,43 MPa (200 to 500 psi) or more. Bond strength
as discussed herein is such strength as determined by
measurement with an Elcometer adhesion tester, as will
be described hereinbelow in connection with the exam-
ples. | _

- When a clean surface or freshly exposed clean sur-
face of the underlying concrete has been prepared, sub-
sequent coating may be initiated by first application of
an activating material, followed by application of a-con-
ductive coating over the first applied activating material.
Where coating of the concrete is initiated with activating
material, the resulting concrete may be referred to
herein as an "activated concrete surface”. For this sur-
face activation, there may be applied to the concrete
surface the activating material either in liquid form, usu-
ally as a precursor composition, or the activating mate-
rial can be applied in solid form. In either form, the
resulting coating can be in adherent, electrical contact
with the concrete. As an example of solid form applica-
‘tion, a freshly prepared concrete surface could have




tional novenent.
partions di sposed

and | oad sites include those

'REPLACEMENT SHEET

12
applied thereto a coating of solid ceramic oxide. This
could include application by thermal spraying, or othor
application technique. Thus, in thermal spray applica-
tion, a solid material such as magnetite may be a first

layer thermally sprayed onto the prepared concrete sur-

face. As representative of surface activation by liquid
application, a solution of cobalt nitrate hexahydrate
could be applied to the concrete. This type of activation
will be discussed in greater detail hereinbelow. After
application in either liquid or solid form, the application

couid be followed by applying an overlay, as by thermal .

spraying, of a metal. Such a coating overlay could be
the application of the representative titanium metal. The

first applied coating might be an active coating contain-

ing additive, e.g., a spray applied oxide applied together
with niobium.or tin as a dopant.

Where the first applied coating is an active coating

~ applied in solid form, e.g., a thermally sprayed, tightly

e

adherent surface activation layer, it should have charac-
teristics of the applied metal. Thus, it should have adhe-
sion to the concrete substrate of at least 0,343 MPa (50
psi). it may be a very thin coating, i.e., on the order of
about 20 microns. Usually for economy, such first
applied active coating will have a thickness not exceed-
ing about 100 microns. However, such first applied
active coating in solid form can have extensive porosity,
e.g. up to about S0%, or even more. However, itis to be
understood that a completely non-porous solid form first
coating can be utilized, although for economy such is

-typically avoided.

When the first applied coating is the active coating,
and the overlay will be applied metal, such applied
metal may be porous, as where there will be subse-
quent freatment of the active coating, as described
hereinbefore, or it may be non-porous, e.g.. when no
further treatment of the active coating is contemplated.

REPLACEMENT
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Since the activation has been initiated before the appli-

cation of the metal, deposition of active material within
the subsequently applied metal will usually not be of
consideration. When the metal is the overlay on an acti-
vating layer, the metal topcoating can have a thickness
on the order which is similar for such'coating as first
applied, e.g., from about 20 to about 200 microns. The
adhesion of such metal topcoating should also be at
least on the order of the adhesion of a solid underlayer
to the concrete substrate, to maintain integrity of overall
coating longevity. Also by providing a tightly adherent
metal overlay on the surface activation layer, there is
maintained not only integral attachment but also desira-
ble electrical contact from the concrete to the overiay.
Although the active layer can be the first applied coating
and the next layer can be an applied metal overlay, it will
be understood that there may be some intermingling of
these materials without a clear and uniform distinction
between layers. Such intermingling of materials can be
enhanced by the porosity of the first layer.

Where the underlying concrete has been prepared
for coating, it is also contemplated that the active layer
and the metal may be applied simultaneously. This can
also provide for intermingling of applied materials. Thus
in an application such as thermal spray technique, an
activator material in solid form can be thermally sprayed
onto the concrete while at the same time a metal is
being sprayed onto the concrete. The resulting overall
coating can be a non-porous coating, although some
porosity, e.g. on the order of as little as 1% to as much
as 5 percent may be present in the coating owing to the
coating application technique. When jointly applied as
an active layer plus applied metal, the resulting joint

coating will typically have an adhesion to the underlying
concrete the same as for the coatings applied individu-
ally, i.e., abond strength of at least about 0,343 MPa {50
psi). Coating thicknesses for the jointly applied materi-
als will usually tend to run towards the higher levels of

' 26FEB ¥
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thicknesses_for the individually applied layers, e.g.

jointly applied coating thicknesses on the order of 100 to
200 microns.

The ceramic oxide solid form activating material,
which may also be referred to herein as the "conductive
oxide", and that might be utilized in the melt spray pro-
cedure can be in particulate form, .e.g., titanium oxide
powder. Such powder may be sprayed from commercial
non-conducting oxide, but deposit as a conductive sub-
oxide. This can be influenced by the application temper-

" ature, and in spraying, such as plasma spraying, by the

composition of the plasma gases. The oxide as a pow-
der can have a particle size that correlates generally to
the particle size that would be used if the corresponding
metal were being sprayed. For example, titanium oxide
powder might have a particle size within the range of
0.1-500 microns. The size of the oxide powder can also
be varied in the melt spray operation to control the
resulting density of the oxide layer. More finely divided
powder generally provides a more dense, less porous
layer. In addition fo the thermal spraying providing con-
ductive valve metal oxides, e.g., titanium suboxide, tan-
talum oxide and niobium oxide, it is also contemplated
to thermally spray other materials including, but not lim-
ited to, titanates, spinels, magnetite, tin oxide, lead
oxide, manganese dioxide and perovskites.

it is also contemplated to thermally spray together
the active material and the metal. Thus mixtures may be
applied, e.g.. mixtures of metals and active material,
such as a premix of blended powders sprayed from a
single spray gun. As representative, titanium could be in
a mixture with at least one other metal, and this mixture
could be extended to include at least one oxide of a
metal. Also, the metals and active materials may be

" cosprayed, e.g., each sprayed from a separate gun, but

at the same time, to mix together on the concrete sur-

face, or sprayed in layers, for example a metal layer




tationary contact arnms are conposed of fornmed on said holder plate, a
connecting pin rai ght conductors disposed in a plane per- novable in
said guide slot, and a pair of 5 mnits the arns to be enclosed with the
el ectri- balancing rods connected together at one éﬁﬂiACEMENTBHEFpSUIating
sl eeves ensuring that the source by saiqgonnecting pin to operatively
connect 70 . . '
sprayed onto a spray applied oxide layer. Where the
spray application will result in layers, the top layer could
be a metal or cosprayed layer.
Where the concrete has been prepared for coating,
and metal is applied, a subsequent treatment can be
used on the metal coating for activation. This can be
application of activating material in liquid form. In such
procedure, and regardiess of whether the liquid form
activating material is applied directly to the concrete or
to metal applied to the concrete, it is contemplated that
such treatment can be performed by any technique use-
ful for depositing a liquid coating onto a substrate sur-
face. Most always painting, as by brush or spray
application, will be used. _
These techniques will aiso be useful where the acti-
vating material is applied directly to the concreteand a R‘-. '
metal coating is applied, but there will be a subsequent \—
treatment of the active coating. Such techniques can be
utilized when applying further liquid, e.g., water. as to a
porous titanium coating for best underlayer activation of A
a first-applied activating material. |

Curing of applied coating, can follow application.

For example, where a representative fitanium metal
coating is first applied to the concrete and then a liquid
precursor composition convertible to an activating mate-
rial is used, e.g., a precursor composition solution of
cobalt nitrate hexahydrate, the applied composition may
be subject to thermal activation. This will result in ther-
- mal deposition of an electrochemically active coating on
the titanium metal. Heating provides for effective ther-
mal conversion of the metal ions in the precursor com-
position to electrochemically active metais or metal
oxides, e.g., cobalt oxide. This thermal conversion may
be accomplished such as by flame or infra-red heating.
Other liquid precursor compositions can also be utilized.
In addition to cobalt, these can contain coating ingredi-
ents , e.g., metals in solution, such as represented by
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manganese, iron, tin, precious metals, e.g., platinum,
and the like.

It is of particular interest, where the precursor com-
position for the activating material has been applied to
either the concrete, or to the metal, or to both, to polar-
ize the metal anodically to affect deposition of the active

“material in electrochemical active form, e.g., as oxides.
As an example, cobalt nitrate hexahydrate precursor
composition can be applied as an aqueous solution to
thermally applied, representative titanium metal. The
titanium metal can then be energized by anodic polari-
zation to affect deposition of cobalt oxide at the surface
of the titanium metal. Or the cobalt solution can be
applied to the concrete. 1t will soak into the concrete so

that the subsequently thermally applied metal, e.g., the
representative titanium metal, will have the desired
adhesion to the concrete, as discussed above. Thenthe
titanium metal can be energized and effect cobalt oxide
deposition on the portion of the titanium metal which
faces the concrete. For efficiency, it is advantageous for
any such anodic polarization that the metal be polarized

at a current density of at Ieast about 10.76 mAm? (1
mA/).

As a representatnve of active matenals that may be
used; e.g., applied to the metal, some of which have
been mentioned hereinbefore, are those provided from
platinum or other platinum group metals or they can be
represented by active oxide coatings such as platinum
group metal oxides, magnetite, ferrite, cobalt spinel or
‘mixed metal oxide coatings. Such coatings have typi-
cally been developed for use as anode coatings in the
industrial electrochemical industry. Suitable coatings of
this type have been generally described in one or more
of the U.S. Patent Nos. .3,265,526, 3,632,498,
3.711,385, and 4,528,084. The mixed metal oxide coat-
ings can have at least one oxide of a valve metal and at
ieast one oxide of a platinum group metal. The mixed
oxides can often mclude a platmum group metal includ-



10 1. Acircuit interrupter conprising a station- novable contact arm
in the other direction, the 75 ary contact arm on the source side and
a’ arrangenent being such that said connecting stationary contact arm

on the load side, one pin is novable in said guide sl BEPtACHNENT _
stationary contact carried on each of the{Tsaid pair of novable C%}ri\%qct

arms to be sepa- ing platinum, palladium, rhodium, iridium and ruthenium
or mixtures ot these as well as mixtures with other met-

als. Further coatings can comprise tin oxide, manga-
nese dioxide, lead dioxide, cobalt oxide, ferric oxide,
platinate coatings such as M,Pt;0, where M is an alkali
metal and X is typically targeted at approximately 0.5,
nickel-nickel oxide and nickel plus fanthanide oxides.

For application to concrete, e.g.. spraying of either
metal or ceramic oxide, the application is to almost
always provide an essentially continuous coating, but
one which may have porosity as above discussed. How-
ever, it is contemplated that the apolication may be
other than continuous, such as in strip form, e.g., have
unsprayed areas between sprayed strips, forming a grid
with exposed areas of concrete between the sprayed
strips, or in some other partial coating pattern on the
substrate. | a :

When coating of the concrete surface has bee
completed, the electrical resistance of the coating
should be within the range from about 0.1 to about 20
ohms/sq. That is, a square centimeter after coating
should have a resistance within such range when meas-
ured across the one centimeter dimension of the
square. An electrical resistance of less than about 0.1
ohms/sq. can be uneconomical. An electrical resistance
of greater than about 20 ochms/sq. is insufficient to carry
the current without excessive voltage loss. Preferably
the electrical resistance of the coating for an active
metal coating utilizing the representative metal titanium,
will have an electrical resistance of from about 0.1 to 1.0
ohms/sq. |

Where the coating on the concrete will serve as an
anode means, the coating may be covered. it may have
a covering such as of paint or concrete. Also where the
coating will serve as an anode, there can be connected
to the anode a current lead, e.g., a metal wire or strip.
This anode may then be connected by the current lead



stationary contact arms, a novable contact rated away fromthe associ ated
stationary con- 15 assenbly separably engaging a pair of the tacts while
bei ng mai ntai ned substantially equi- 80 stationary contacts. to bridge

the latter, an distant fromthe latter. operatin W
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concrete reinforcement. Where the coatmg of the con-
crete is initiated by application of activating material, the
next applied layer is an electrically conductive overlay

- which is virtually always an applied metal overlay. How-
ever, it is aiso contemplated that such next applied layer
can be other than a metal, such as an electrically con-
ductive paint, including paints such as ceramic-oxide-
comtaining paints, including mixed-metal-oxide-contain-
ing paints and carbon-containing paints where such
substances as the oxides and the carbon.are intimately
mixed in the paint. In any case, the activation layer and
the overlay are in adherent, electrically conductive con-
tact with one another.

In addition to being serviceable, it is to be under-
stood that the resulting coating can be decorative.
Hence, a fitanium coating on concrete may provide a
pleasing metallic blue finish to a concrete surface. Other
color tones of the coated concrete can include gray and
gold tones.

The fonowmg examples show ways in which the
invention has been practiced but should not be con-
strued as limiting the invention.

EXAMPLE 1 |

For test purposes, concrete blocks were used
which were prepared from Type 1 Portland cement, sil-
ica sand fine aggregate and 25,4 mm (1 inch) minus
coarse aggregate in a weight proportion of cement to
sand to coarse aggregate, on a per cubic yard basis, of
1:2:2.95. Each block measured one square foot by six
inches thick. Each concrete test block thereby provided
a one-square foot test surface. Each block contained
eight steel reinforcing bars running through the length of
the block and .exfending outwardly from the block at
each end of the bar. One set of four steel bars was
located one inch below the test surface and the bars
were spaced apart on 63,5 mm (2 1/2 inch) center-line

This is the replecémaent shoct
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gagi ng the novabl e contact assenbly with and 1, 2 or 3, wherein a flexible’
conductor is pro- fromthe stationary contacts, releasable nmeans vided

for electrically connecting said pair of 20 for separﬂgp;_rm;Eq\Lm le
contact assenbly novable contact arns t®gprovide a shunt pat @Eﬁ away

from the stationary contacts, and trip .around the latter.
distance. A second set of four bars was parallel to the

first set, one inch above the bottom surface of the block.
The one square foot test surface of the block was grit
blasted to remove laitance. More particularly, the test
surface was blasted with grit of No. 20 Al,O5 at 0,48
MPa (70 psi), using a 101,6 mm (4 inch) standoff and at
a 45°-60° angle. The resulting surface was then cleaned
of grit using compressed air.

After compressed air cleaning, of a concrete test
block, it was flame sprayed using an oxy-acetylene
flame with a 3.2 mm. diameter grade 1 titanium wire
feed, and a Metco 10E flame spray gun. For the flame
spraying, the gases used, and conditions, were: oxygen
at 0,206 MPa (30 psi) and flowmeter at 15; acetylene at
0,103 MPa (15 psi) and flowmeter at 30; compressed air
at 0,446 MPa (65 psi) and flowmeter at 53. The titanium
metal was applied in 4 passes at a gun speed of 300
mm/sec, and at a standoff of 152,4 mm (6 inches.) The
weight of the titanium metal consumed was 762,1 g/m?
(70.8 g/2.) The bond strength between the flame spray
applied titanium layer and concrete substrate was eval-
uated. This was done by an Elcometer Adhesion Tester
Model No. 106 which tested adhesion by pulling a test
doliy that had been epoxy glued to the coating away
from the substrate. The coating thus produced had a
bond strength of 1,427 MPa (208 psi), as measured by
the Elcometer adhesion tester, and a resistance 0f 0.15
ohms/square. The coating was porous (estimated at
80% dense from photomicrographs) and had a meas-
ured thickness of 100 microns (4 mils) using a photo-
micrograph scale of cross sections. Thus, titanium
metal as a wire feed to a flame spray gun can be suita-
bly applied to concrete.- The application results in a
serviceable titanium metal coating having acceptable
adhesion, porosity and coating thickness.

The concrete and titanium metal coating described
above were then energized anodically in-an outdoor tast
yard at a current density of 21,5 mA/m? (2.0 mA/ft2) by

L
Tris is the '°P‘°°“‘°".‘ -
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means responsive to a flow of overload cur-

claimed in claim rent through the circuit interrupter to re- 1,
wherein said contact arns are nounted on | ease t qag ans,
t he novable con- a pair of spaced, parallel holder Bf%{{ %ﬁ@ged@@? tact
assenbly al so being separ abl e away fror20 plates being |l ongitudi naI ly

novabl e to engage

attachmg one lead of a constant current power supply to
the coating and the other lead to the concrete reinforce-
ment. After one month on-line, the concrete block was
operating at a voltage ranging from 2.5-4.0 volts. The
electrode potential of the titanium coating was 1230 mV

vs. a saturated calomel reference electrode, and the
electrode potential was slowly drifting more anodic with

time. After 200 days on-line, the voltage had elevated to
6 volts and the coating potential was 1800 mV vs. the

“reference electrode. Hence, the uncatalyzed titanium

- grit blasted and then cleaned, all as described in Exam-

provides only threshold cathodic protection, since its
potential is high and it is slowly passivating with time.

EXAMPLE 2

A concrete block, as described in Example 1, was

ple 1. it was flame sprayed with grade 1 titanium using
the wire feed and a Metco 10E flame spray gun, and
while using the oxygen, acetylene and air conditions all
as described in Example 1. The titanium metal was
applied in 3 passes at a gun speed of 500 mm/sec, and
a standoff of 114,3 mm (4-1/2 inches.) The weight of the

titanium metal consumed was 457 g/m? (42.5 g/ft2.) The

coating thus produced had a bond strength of 0,686
MPa (100 psi), and a resistance of 0.17 ohms/square.
The coating was porous (estimated at 80% dense) and
had a measured thickness of 75 microns (3 mils), meas-
ured as described in Example 1.

The titanium metal coating was then painted with
an aqueous solution containing 300 g/l of cobalt nitrate
hexahydrate, (Co(NO3),) - 6H,0. This coat was allowed
to air-dry, and a second coating of the same solution
was applied. A total of 14-1/2 ml of solution were used,
resulting in an application of 9,47 g/m? (0.88 g/ft?) of
cobalt to the titgnium metal coating.

5. Acircuit |nterrupter as
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e concrete biock was then ene gized anodicall

in an outdoor test yard at a current density of 21,5
mA/m? (2 mA/At?) in the manner as described in Exam-
ple 1. This polarization caused cobalt oxide to be
deposited within, and at the electrochemically active
surfaces, of the titanium metal coating. The concrete
block and the coating were maintained in this energized
state and after one month on-line the block was operat-
ing at a voltage of 1.3 volts. The electrode potential of
the activated coating was ranging from 580-600 mV vs.
a saturated calomel reference electrode, and was stable
with time. After 150 days on-line, the voltage was still
1.3 volts and the coating potential ws 600 mV vs. the
reference electrode. This example shows how a cobalt
activated flame sprayed titanium metal coating can pro-
vide for cathodic protection of the block in a jow voltage,
low potential and stable operation..

EXAMPLE 3

A concrete block, as described in Example 1, was
blasted with no. 40 black stag grit at 0,549 MPa (80 psi)
to roughen the concrete and provide a newly exposed
surface. After compressed air cleaning, it was electric
arc sprayed using a Hobart-Tafa Model 8830 electric arc
gun with an extra-fine Red Nozzle spray tip. Air usage
was 1,0 m*/min. (35 CFM (cubic feet per minute)) at a
pressure of 0,411 MPa (60 psi). Grade 1 titanium fed as
two 1.6 mm diameter wires was sprayed onto the con-
crete in a single pass at a gun speed of 164 mm/sec and
a standoft of 152,4 mm (6 inches). Titanium consumed
under these conditions was 965 g/m? (89.7 g/t?). The
coating thus produced had a bond strength of 1,845
MPa (269 psi). and a resistance ot 0. 35 ohms/square.

The titanium metal coating was then painted with

an agueous solution containing 300 g/l cobalt nitrate
hexahydrate. This coat was allowed to air dry and a sec-
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ond coat of the same solution was applied. A total of
33.7 mi of solution was used resulting in an application
of 21,95 g/m? (2.04 g/t?) of cobalt to the titanium metal
coating. - _ |

The concrete block was then energized indoors in a
chamber with 80-80% relative humidity at a currentden-
sity of 215 mA/m? (2.0 mAM?) in the manner as
described in Example 1. This polarization caused cobalt
oxide to be deposited within, and on the electrochemi-

_cally active surfaces of the titanium metal coating. The

concrete block and the coating were maintained in this
energized state and after 20 days on-line the block was
operating at a voltage of 1.65 volts. The coating was
operating at an electrode potential of 730 mV vs. a sat-
urated calomel reference electrode and was stable with
time. This example shows how a cobalt activated elec-
tric arc sprayed titanium metal coating can provide for
cathodic protection of the reinforced concrete block with
a low operating voltage, low electrode potential, and
stable operation. .

EXAMPLE 4

A concrete block, as described in Example 1, was

blasted with No. 20 aluminum oxide grit to roughen the
concrete and provide a newly exposed surface. After
compressed air cleaning, it was electric arc sprayed

- using a Hobart-Tafa Model 8830 electric arc gun. The

metal sprayed was grade 2 titanium in wire form. The
metal is sprayed onto the concrete in a double path at a
gun speed of about 254 mm/sec (10 inches/sec), a
standoff of 152,4 mm (6 inches) and an electrical cur-
rent of 150 amps. The titanium wire consumed under
these conditions was 6028 g/m? (56 g/ft%). The coating
thus produced had a bond strength of 1,44 MPa (210

- psi).
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I nterrupter..

Two additional concrete blocks were prepared for
coating as described above. For one block, 24 hours
before the application of the titanium coating, the con-
crete block was painted in the manner of Example 3 with
cobalt nitrate hexahydrate to provide a coating of 14,0
g/m? (1.3 git2) of cobalt to the concrete. An additional
concrete block was prepared in the same way, but the
coating providing the 14,0 g/m? (1.3 g/it?) of cobalt on
the block was applied 15 minutes before the application
of the titanium coating. Both blocks then had titanium
applied in the manner as described hereinabove.

The block first prepared as described hereinabove
with the titanium coating directly on the concrete, was
then treated in the manner described hereinbefore by
painting the cobalt nitrate hexahydrate solution on the

titanium metal coating to provide 14,0 g/m? (1.3 g/ft?) of-
cobalt to the applied titanium metal. All three concrete
blocks were then energized indoors at a current density
of 21,5 mA/m? (2.0 mA/2) in the manner as described
in Example 1. This test continued for five days and the
blocks were then monitored for cell voltage. The block
which was activated with the cobalt-containing coating
that had been applied over the titanium metal coating,
was operating at a cell voltage of 1.8 volts. The two
blocks which had the cobalt coating applied directly to
the concrete block, prior to the titanium coating, exhib--.
ited unacceptable readings. The block coated with the
cobalt-containing coating 24 hours before the titanium
metal spray coating had a voltage of 7.2 volts and the’
block coated with the cobait solution 15 minutes before
applying the titanium coating had a voltage of 7.0 volts.

For these two blocks with unacceptable voltages,
tap water was sprayed on the exposed titanium surface
of the blocks. The cell voltages were then taken two
days later with the block having the cobalt solution
applied on top of the titanium layer still providing an
acceptable 1.62 volts. The other two blocks were also




beari ng surface on the. other novabl e contact
“clained in claim arm

wherein after said pair of novable con- 40
contact arnms to exert

t hrough said

demonstrating acceptable voltages. The block coated
24 hours earlier with cobalt solution before titanium
application had a voltage of 2.03 volts while the block
coated 15 minutes with cobalt solution prior to titanium
application had a voltage of 1.88 volts. After a further
week, these voltages for these three blocks, respec-
tively, were 1.58 voits, 1.79 volts and 1.82 volts. This
example thus demonstrates successful activation of the
concrete surface for solution applied directly to the con-
crete prior to application of the spray applied titanium

metal. However, water activation is advantageous for
best success.

EXAMPLES

A coating of titanium metal was produced, on a one
square foot concrete block.test surface prepared as
described in Example 1, for each of eight concrete
blocks. The feed metal used was a titanium powder hav-
ing particle size between 200 and 325 mesh. The pow-

der was 99.5% fitanium, with a balance of impurities

including iron, carbon, nitrogen, oxygen and hydrogen.
The test surface was coated with the metal using a
Metco plasma spray gun equipped with a GH spray noz-
zle. The spraying conditions were: a current of S00
amps; a voltage of 45 - 50 volts; a plasma gas consist-

6. Acircuit interrupter as
inits closed position, a spring connect- 5,

ing said pair of novable

tact arns have been separ at ed REFACENENT SHEET 105

a contact pressure upon a conmon point 24 associated stationary contacts
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ing of argon and helium; a titanium feed rate of 1,36 .

Kg/hour (3 pounds per hour); a transverse spray speed
of either 400, 500 or 800 millimeters per second
(mm/sec.); an exposure of one pass per block; and a
standoff of 69,85 mm or 101,6 mm (2.75 (4 blocks) or 4
(4 blocks) inches). Two concrete blocks had their test
surfaces preheated before the plasma spray application
of the titanium layer. Preheating was done by one pans
with the plasma spray gun at a transverse speed rate of
400 mm/sec. and a standoff of 101,6 mm (4 inches) for
one block an 69,85 mm (2.75 inches) for the other block.



sai d novabl e contact arns where they contact el ectrodynanic repul sion,
said trip neans are each other, and upon the devel opnent of said

hi d pai of move fromits constraned position fo AECEALIAESNEYS® b e
contact arns are rotated in the opposite 28f hol der plates downwardly while
during 110. All coated surfaces, by visual examination,

appeared to be free from surface defects, and have a

uniform, but porous coating with no coating delamina-

tion from the concrete substrate.

For coating a second set of the concrete blocks,
there was used a commercially available titanium pow-
der, having a median particle size of 325 mesh. The
same spray conditions were used as described above

~ except that an exposure of 2 passes per block were
used for one block, and for this block the titanium metal o
was applied at a transverse spray speed of 400 REP____LA_Q_EM____ENT
mmvsec. and a standoff of 69.85 mm (2.75 inches). 26 FEB &
From the results of adhesion testing for these samples,
the adhesion between the titanium layer and the con-
crete substrate was found to vary from 1,88 - 2,744 MPz
(275 psi to 400 psi). This example shows how fitanium:
metal as powder can be plasma sprayed onto concrete
to provide a desirable metal coating preparatory to pro-
viding an electrochemically active metatlic coating. The
titanium metal coating can have desifable bond strength
with the concrete, under a variety of application condi-
tions. '

EXAMPLE 6

Concrete test blocks as described in Example 1
were prepared in the manner of Example 1 with the grit
blasting being conducted for 2 minutes and 10 seconds,
plus or minus 5 seconds. A first test block was pre-
heated in the manner described in Example S but using
a 3 inch standoff. Thereafter the coating applied on the
concrete block test surface was initiated with a titanium
oxide powder, having all particles more finely divided
than -44 microns, +5.6 microns. The spray gun and
spray conditions were as described in Example §, e.g.,
one pass application, at a 400 mm/sec. transverse
spray speed, except that the plasma spray gas con-
sisted of argon and hydrogen, the standoff was 76.2



di rections about the axes of the supporting downward novenent of said

hol der plates said pi ns while one of said novable contact arns rollers
on both ends of said connecting pin is maintained in rolling contact
.Wth the other strike against a stop di sposed on RERLAGEMENTOSHEET novabl e
contact armthereby to separate the and‘fbfurther downwar d novenent of
said : -

mm (3 inches) and fitanium oxide feed rate was 3.17
Kg/hr (7 pounds per hour). Following this application,
there was then applied to the resulting titanium subox-
ide layer an over layer of titanium metal using the pow-
der as first described in Example 5. This titanium metal
powder was plasma spray gun applied, in three passes,
in the manner of Example 5.

Subsequently, three more test blocks were pre-
pared with this titanium suboxide first layer, titanium
metal overlay combination. Each of the subsequent
blocks were preheated in the manner as above
described at a transverse spray gun speed of S00
mm/sec. For the titanium suboxide application, the [:sp
spray gun transverse spray speed was at 400 mm/sec. | |
for one block and at 800 mmy/sec. for 2 blocks, all at a 26 FEB 199
76.2 mm (3 inch) standoff. The titanium metal powder
top coating was applied as described above in this |
example, including three passes of the spray gun.

For selected surfaces, the resulting combination
layer of titanium suboxide underlayer and titanium metal
overlay on the concrete blocks -surface was found to
have a thickness of about 100 microns. Coating adhe-
sion for these blocks, measured in the manner as
described in Example 1, was found to vary from 1,36 -
2,06 MPa (200 psi to 300 psi). This example snows how
such a combination layer can be desirably prepared on
concrete using plasma spraying. The combination layer

exhibits both desirable coating thickness and bond
strength.

AMPLE 7

A concrete test block as described in Example 1
was provided with a titanium metal layer in the manner
as described in Example 5. The plasma spray applied
titanium metal layer on the concrete had a thickness of



50 said pair of novable contact arns away from

hol der plates is

acconpani ed by upward nove- 115 the associ ated stationary contacts.

ment of said novabl e contact arms through said
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spring to

1, wherein said hol der plat

relative to sai d JRyRBE nfidfdAS and an adhesion to the concrete sur-

face of about 2,06 MPa (300 psi) all as determined in a
manner as described hereinbefore. The titanium layer
was then coated with an aqueous solution of manga-
nese sulfate (MnSO,) containing 100 gm/1 (grams per
fiter) MnSO4. This coating resulted in a loading of 1.1
gms of Mn per square foot of titanium metal.

“The test block was then energized by making the
coating anodic at a current density of 21,5 mA/m? (2.0
mAVft.2). The coating, when energized, operated at 21.5
mA/m? (2.0 mA/t2) at a single electrode potential of
545 mV vs. a saturated calomel reference electrode,
confirming good activation of the titanium metal.

EXAMPLES

A concrete block, as described in Example 1, was
grit blasted and then cleaned, all as described in Exam-
ple 1, except the grit blasting was at a 90° angle. The
block was arc sprayed using a 1.59 mm diameter grade
1 titanium wire feed in a Hobart-Tafa Model 9000 wire
arc gun fitted with a green air cap and a large cross
positioner. The carrier gas to propel the atomized tita-
nium onto the concrete surface was air at 0,411 MPa
(60 psi). Gun speed was 200 mn/sec at an index (jump)
of 9 mm and a standoff of about 101,6 mm (4 inches).
Titanium consumed under these conditions was 338
g/m? (31.4 g/t?). The coating was produced at a bond
strength of 1,94 MPa (283 psi) and a resistance of 0.33
ohms/square. Titanium weight gain, as measured by
weighing the block before and after titanium application,
was 257 g/m? (23.92 git?), indicating a deposit effi-
ciency of 76.2%.

A second concrete block was prepared as above
described and titanium was applied using the conditions
as above described, except that the gun standoff was
4.5 inches, and nitrogen was used as the carrier gas.
Under these conditions, the electrical resistance of the

Is provided wwth its position
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at | east one slot relatively elongate transversely arns where the arns are
in their closed posi- 55 to the longitudinal axis to receive the corres--
tion and also to put said novable contact 120 pondi ng supporting pin
for one of said nov- arnms in their OFF position where the contact abl e

contact arns, said correspondi ng support- bearing s%éﬂ%ﬁmmtg)ﬁgmnvabl_e
contact arns o8 -

resulting applied ftitanium coating was 0.20
ohms/square. Bond strength was still a desirable 1,6
MPa (233 psi). Moreover, in addition to the improvement
in electrical resistance, the titanic weight gain was
measured as 292 g/m? (27.20 g/it?), indicating a deposit
efficiency of 86.6%. These tests demonstrate that the
use of nitrogen as the carrier gas resuilted in a more effi-
cient deposition of titanium, providing a titanium coating
which is thicker and more conductive than coatings
Using air as carrier gas.

REPLACEMENT SHEET
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each other where- - rotational novenent of said novabl t he ,f
circuit interrupter is ready for the 60 arms in the oppgmm mﬁ,ﬂ g"l
about the axes subsequent closing operation.

supporting pins whereby said pair of 7. 2@‘ circuit i nterrupter as cl al med
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1. Coated concrete, coated with a thermally sprayed,
lightly adherent, non-corroding and electrochemi-
cally active metallic coating.

‘2. The coated concrete of claim 1 , wherein said metal-
lic coating is coated on a roughened surface of said
concrete.

REPLACEMENT

3. The coated concrete of Claim 2, wherein said E
roughened surface is a surface roughened by blast- 26 FEB 19

ing with one or more of alumina, steel shot, quartz :
sand, silica, slag, or silicon carbide.

4. The coated concrete of Claim 2, wherein said
roughened surface is abraded and preheated.

5. The coated concrete of Claim 1, wherein said tightly
adherent metallic coating adheres to the concrete
with a bond strength of at least about 0,343 MPa

(50 psi).

6. The coated concrete of Claim 1, wherein said tightly
adherent metallic coating adheres to the concrete
with a bond strength of between about 0,686 MPa
(100 psi) and about 3,43 MPa (500 psi).

7. The coated concrete of Claim 1, wherein said tightly
adherent metallic coating is integrally attached to
said concrete in adherent, electrical contact.

8. The coated concrete of Claim 1, wherein said
metallic coating is porous. |

9. The coated concrete of Claim 8, wherein said
metallic coating has a porosity within the range of
from about 5% to about 30%.
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10.

11.

12

13.

14.

15.
16.
17.

18.

30
The coated concrete of Claim 1, wherein said

metallic coating has g thickness within the range of
from about 20 microns to about 200 microns.

The coated concrete of Claim 1, wherein said
metallic coating has a thickness within the range of
from about 25 microns to about 100 microns.

The coated concrete of Claim 1, wherein said non-
corroding metallic coating has a corrosion rate less
than 0.05 mil per year when polarized anodically, at
a current density of at least about 10 milliamperes
per square meter.

The coated concrete of Claim 1, wherein said
metallic coating has an electrical resistance within

the range of from about 0.1 to about 20
ohms/square.

The coated concrete of Claim 1, wherein said
metallic coating is thermally sprayed by one or
more of flame spray, electric arc spray, plasma
spray, high velocity oxyfuel spray, or detonation gun
spray.

The coated concrete of Claim 14, wherein the metal
for said thermal spraying is in wire form.

The coated concrete of claim 15, wherein said
metal form wire is pretreated.

The coated concrete of claim 14, wherein said ther-
mal spraying is with nitrogen gas.

The coated concrete of Claim 1, wherein said coat-
ing is thermally sprayed on one or more of mortar,
grout or concrete.

REPLACEMENT SHEET
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19.

20.

21.

22,

23,

24.

25,

26.

\“\

-

31 REPLACEMENT SHEET

The coated concrete of Claim 1, wherein said
metallic coating is a coating comprising one or
more of the metals titanium, tantalum, niobium, zir-
conium, hafnium, molybdenum, tungsten, alloys of
same and intermetallic mixtures of same.

The cqated concrete of Claim 19, wherein said
metallic coating is a metal coating of one or more of
elemental titanium metal, titanium metal alloy, or
intermetallic mixture containing titanium.

The coated concrete of Claim 20, wherein said tita-
nium coating is an-intermetallic mixture containing
titanium plus one or more of nickel, chromium,
manganese, tin or iron.

The coated concrete of Claim 1, wherein said
metallic coating comprises an overlay on an acti-
vated concrete surface.

The coated concrete of Claim 22, wherein said acti-
vated concrete surface comprises one or more of
titanium suboxide, magnetite, cobalt oxide, manga-
nese dioxide or lead oxide on said concrete surface.

The coated concrete of Claim 1, wherein said elec-
trochemically active metallic coating comprises a
metal that is activated with an active material.

The coated concrete of claim 24, wherein said
metal is moistened in activation of said active mate-
rial. ' '

The coated concrete of Claim 25 wherein said
active material comprises a platinum group metal or
contains at least one oxide selected from the group

REPLACEMENT
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27.

1, 141, 052

32.

consisting of platinum group metal oxides, magnet-
ite, and oxides of cobalt, manganese, and lead.

The coated concrete of Claim 26, wherein said
active material contains a mixed oxide material of at
least one oxide of a valve metal and at least one
oxide of a platinum group metal.

28. The coated concrete of Claim 1, wherein said con-

29.

30.

31.

crete is reinforced concrete and said metallic coat-
ing is, connected in an electrical circuit with the
reinforcement.

The coated concrete of Claim 1, wherein said
metallic coating comprises an anode means.

The coated concrete of Claim 1. wherein said |

metallic coating is present on said concrete as
strips forming a grid of strips with open spaces
between the strips exposing underlying concrete.

Coated concrete coated with a thermally sprayed,
tightly adherent surface activation layer on the con-
crete surface, and a thermally sprayed, tightly
adherent and non-corroding metal overlay on said

surface activation layer.

32. The coated concrete of Claim 31, wherein said sur-

33.

face activation layer comprises one or more of ther-
mally sprayed titanium suboxide, magnetite, cobalt
oxide, manganese dioxide or lead oxide on the con-
crete surface.

The coated concrete of Claim 31, wherein said
tightlty adherent metallic overlay is integrally
attached to said concrete in adherent, electrical
contact.

T
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34.

The coated concrete of Clanm 31, wherein said
metallic overlay is porous. |

The. coated concrete of Claim 34, wherein said
metallic overlay has a porosity within the range of
from about 5% to about 30%.

The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of
from about 20 microns to about_200 microns.

The coated concrete of Claim 31, wherein said
metallic overlay has a thickness within the range of

gEEtion

_from about 25 microns to about 100 microns.

. The coated concrete of Claim 31, wherein said non-

corroding metallic overlay has a corrosion rate less

REPLACEMENT §
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than about 0.05 mil per year when polarized anodi- -

cally, at a current density of at least about 10 milli- ~

amperes per square meter.

The coated concrete of Claim 31, wherein said
metallic overlay has an electrical resistance within
the range of from about 0.1 to about 20
ohms/square.

Coated, reinforced concrete coated with a thermally
sprayed, tightly adherent coating of non-corroding
metal plus active material, which metal plus active

material are thermally sprayed together onto a sur-
face of said concrete.

The coated concrete .of Claim 40, wherein said
metallic coating is thermally sprayed by one or
more of flame spray, electric arc spray, plasma
spray, high velocity oxyfuel spray or detonation gun
spray.
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42,

- 43.
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The coatéd concrete of Claim 40, wherein a mix of
said metal plus active material is thermally sprayed
onto said concrete surface.

The coated concrete of Claim 40, wherein a ther-
mal spray of said metal mixes on the surface of said
concrete with a separate thermal spray of said

- . active material.

45,

46.

47.

. The method of protecting reinforced concrete with a
cathodic protection coating on a surface of said

concrete, which method comprises thermally spray-

ing together an active material plus non-corroding
metal onto a surface of said concrete.

The method of Claim 4;,4._ wherein a mix of said
metal plus active material is thermally sprayed onto

‘said concrete surface.

The method of Claim 45, wherein said mix com-
prises titanium together as an intermetallic mixture
with at least one other metal, or with at least one
oxide of a metal. '

The method of Claim 44, wherein a thermal spray of
said metal mixes on the surface of said concrete

with a separate thermal spray of said active mate-
rial.

. The method of Claim 47, wherein said active mate-

rial contains a platinum group metal or contains at
least one oxide selected from the group consisting
of platinum group metal oxides, magnetite, and
oxides of cobalt, manganese and lead.

a ftowof current through said stationary con-

REPLACEMENT
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49.

50.

51.

52.

53,

(L LT TR e

In the rméthod of cathodically protécting reinforced
concrete with a non-corroding, electrochemically
active coating which is present as a metal-contain-
ing coating on the surface of said concrete, which
coating initially contains a metal having at its sur-
face precursor composition convertible to an active
ingredient for said coating, the improvement in said
method comprising establishing on said concrete
such coating -comprising said precursor composi-
tion, connecting said metal of the coating in an elec-
trical circuit, and anodically polarizing said metal to
convert said precursor composition to active ingre-
dient.

The method of Claim 49, wherein said coating com- REPLACEMENT Sk
prises titanium metal which is connected in an elec-
trical circuit with the reinforcement of said concrete. 26 FEB 1999
The method of claim 49, whereir: material compris- | ——
ing said precursor composition is applied to said

metal surface by one or more of painting or spray-
ing.

The method of Claim 49, wherein material compris-
ing said precursor composition contains a metal in
solution of one or more of cobalt, manganese, iron
and tin and said active ingredient includes said
metal in electrochemically active form.

The method of Claim 49, wherein said metal sur-
face is anodically polarized at a current density of at
least about 10.8 mA/m? (1 mAAH).

The method of applying a tightly adherent, non-cor-
roding and electrochemically active metallic coating
to a surface of a concrete substrate, which method
comprises:
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roughening the surface of said concrete by
abrading said surface and freshly exposing a
concrete surface; and

thermally spraying a metal onto the resulting
roughened surface with a spray gun in an
amount of sprayed metal having a thickness of

- from about 20 microns to about 200 microns;

55. The

wherein said spraying comprises:

applying said metal onto said concrete at a
standoff from the surface of said concrete
within the range of from about 63.5 - 152.4 mm
(2 1/2 inches to about 6 inches); while ,
conducting said spraying at an application rate
across the concrete surface at a speed within
the range of from -about 100 to about 800 mil-
limeters per second.

method of Claim 54, wherein said spraying pro-

vides a metal amount having a thickness of from
about 25 to about 100 microns, which metal amount
- is applied at a gun speed of from about 200 to about

S00

millimeters per second.

56. Coated concrete coated with an integrally attached,
electrochemically active oxide coating. -

57. The

coated concrete of Claim 56, wherein said

active oxide coating is one or more of titanium sub-
oxide, magnetite, cobalt oxide, manganese dioxide,

lead

oxide or mixtures thereof.

| 26 FEB 1999




58.

59.

60.

61.

62.
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The coated concrete of Claim 56, wherein said

oxide coating is in adherent, electrical contact with
said concrete.

The coated concrete of Claim 56, wherein said
active oxide coating is present on a surface of said
concrete together with an electrically conductive
overlay. '

The coated concrete of Claim 5§39, wherein said
overlay comprises one or more of a metal or a
paint. :

The coated concrete of Claim 59, wherein said
active oxide coating and said overiay are in adher-
ent, electrically conductive contact with one
another. '

The coated concrete of claim 56, wherein said
active oxide coating is present on a surface of said
concrete as an active oxide intimately mixed in a
paint coating.
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A metal coating of typically a valve metal,
especially a titanium metal coating, is applied by
thermal spraying to the surface of concrete, most
particularly steel-reinforced concrete. The metal such
as titanium may be sprayed by any one of several thermal
spraying technigues including flame spray, electric-arc
spray) plasma spray, high-velocity oxyfuel spray, or
detonation gun spray. The metal coating should be
tightly adhered to the concrete and desirably will have
a porosity to facilitate extensive coating of the metal
itself, as well as facilitate gny activation that may be
needed for the metal. Such activation can be in the
form of an active material which allows the coating to
function catalytically. One coating option is to apply
a solution onto the spray-applied metal, then polarize
the metal anodically to effect deposition of active
material on the metal. Another option includes
depositing active material directly onto the concrete,
then applying an adherent, electrically conductive
overlay such as a titanium metal coating to the treated
concrete.
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