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ABSTRACT

A non-carcinogenic corrosion inhibiting additive includes

an anodic corrosion inhibitor and/or a cathodic corrosion

inhibitor and a solubility enhancer for the inhibitors in the

form of a metal complexing agent.
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NON-CARCINOGENIC CORROSION INHIBITING ADDITIVE

BACKGROUND OF THR INVENTION
The present invention relates to a corrosion inhibiting
additive and, more particularly, a corrosion inhibiting
additive which 1s as effective as hexavalent chromium compounds

but which do not have the health hazards assocliated with

hexavalent chromium compounds.

Corrosion inhibitive compounds have long been used on, for
example, metallic surfaces to inhibit corrosion thereof. U.S.
Patent 2,387,528 describes alkalili earth metal chromates
containing trivalent as well as hexavalent chromium as
additives for metal protective pigments. U.S. Patent 2,430,589
describes protective pigments comprising calcium chromate
associated with minor additions of ferric, manganic or chromic
oxides. U.S. Patent 2,802,394 describes the use of soluble
chromium containing compounds used 1in agqueous metal treating or
rinsing solutions applied to metal surfaces or to the
conversion coating onto metal surfaces to 1mprove CoOorrosion
regsistance. U.S. Patent 3,063,877 describes agueous solutions
for treating metal surfaces to, in part, 1mprove corrosion
resistance, which are prepared by partially reducing a
dissolved hexavalent chromium compound with formaldehyde. U.S.
Patent 3,279,958 describes rinsing of phosphate, chromate and
other chemical conversion coatings on metal surfaces with a
dilute aqueous acid solution of a chromium chromate complex
followed by a water rinse. The complex 1s prepared by treating
aqueous chromic acid solution with an organic reducing agent to
reduce a portion of the hexavalent chromium to the trivalent
state.

In the aerospace i1ndustry, aluminum alloys achieve their
high strength to weight ratio by inclusion of such additional
elements as copper, silicon, chromium, manganese, zinc and
magnesium. The presence of these elements in high strength

aluminum alloys make them more susceptible to corrosion attack
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than pure aluminum. These high strength aluminum alloys are,
therefore, generally protected 1n service by use of corrosion
inhibitive compounds based on hexavalent chromium. These
compounds 1nclude barium or strontium chromate particles used
as 1nhibitive pigments and adhesives, paints and primers;
chromic acid, which 1s used to produce a chromium rich
conversion coating; and sodium and potassium dichromate, which
are used as sealing compounds for anodized films.

All forms of hexavalent chromium are recognized by the

United States National Institute of Environmental Health
Sciences as a Group 1 known human carcinogen. Accordingly, the
use of corrosion inhibiting compounds which contain forms of
hexavalent chromium are subject to stringent regulatidn and
control. It would be very beneficial to eliminate hexavalent

chromium as a corrosion inhibiting additive to corrosion

inhibitive compounds as described above.

U.S. Patent 5,030,285 describes a substitute corrosion
inhibiting pigment for hexavalent chromium compounds. The
corrosion inhibiting additive includes a combination of ferric

phosphate and ferrous phosphate. While the proposed corrosive

inhibiting additive does not suffer from the possible health

problems associated hexavalent chromium compounds, it has not

proved to be particularly effective in inhibiting corrosion,

particularly of metals, when used as an additive in inhibitive

pigments in adhesives, paints and primers, or as a conversion
coating.

U.S5. Patent 6,537,678 discloses a non-carcinogenic
corrosion inhibiting additive comprising an anodic corrosion
inhibitor and a cathodic corrosion inhibitor. The inhibiting
additive provides protection against both localized and general
corrosion. While the corrosion inhibiting additive is
effective and does not suffer from the health problems
associated with hexavelant chromium compounds, it has been

found that the performance of anodic and cathodic corrosion
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inhibitor used in the inhibiting additive is limited by the
solubility of the anodic and cathodic corrosion inhibitors.

Naturally, it would be highly desirable to provide

- corrosion inhibitors which can be used and substituted for

hexavalent chromium inhibitors so as to avoid potential health
hazards while at the same time provide effective corrosion
protection on metal surfaces, particularly, high strength
aluminum alloys used in aerospace applications.

Accordingly, it 1s the principle object of the present
invention to provide a corrosion inhibiting additive which is
non-carcinogenic.

It 1s a particular object of the present invention to
provide a corrosion inhibiting additive as set forth above
which is effective 1n preventing corrosion attack on metals.

It is a further object of the present invention to provide

a corrosion inhibiting additive as set forth above which is
particularly effective when applied to high strength aluminum
alloys.

It 1s a still further object of the present invention to

provide a corrosion inhibiting additive as set forth above

which 1s effective against both general corrosion and pitting
CoOrrosion.
Further objects and advantages of the present invention

will appear hereinbelow.

SUMMARY OF THE INVENTION

In accordance with the present invention, the foregoing
objections and advantages are readily obtained.

The present invention is drawn to a non-carcinogenic
corrosion inhibiting additive comprising at least one of an
anodic corrosion inhibitor and cathodic corrosion inhibitor in -
combination with a metal complexing agent which increases the
solubility of the corrosion inhibiting additive. Preferably,-
the inhibiting additive comprises a combination of an anodic

corrosion inhibitor and a cathodic corrosion inhibitor. The
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inhibiting additive of the present invention provides
protection against both localized pitting corrosion and

general corrosion.

The metal complexing agent 1is selected from the group
consisting of water soluble organic acid salt, water
soluble inorganic acid salts and mixtures thereof. The
cathodic corrosion inhibitor is selected from the group
consisting of rare earth metals, rare earth metal compounds
and the anodic corrosion inhibitor is selected from the
group consisting of transition metal salts. The metal
complexing agent increases the solubility'of the anodic and

cathodic corrosion inhibiting additives.

In accordance with one aspect of the present invention
there 1s provided a composition comprising: an organic
carrier selected from the group consisting of adhesives,

paints, primers, sealants, epoxies and mixtures thereof;

and a corrosion inhibiting additive comprising: (1) an
anodic corrosion inhibitor, selected from the group
consisting of transition metal salts; (2) a cathodic

corrosion inhibitor selected from the group consisting of
rare earth metal compounds; and (3) a metal complxexing
agent for improving solubility of the anodic and cathodic
corrosion 1nhibitor, wherein the metal complexing agent 1is
selected from the group consisting of citrate, gluconate,
tartrate, p-diketonates, a-hydroxy acids, D-fructose, L-

sorbose and mixturesgs thereof.

The corrosion inhibiting additive of the present
invention may be used as an inhibitive additive in
adhesives, paints and primers, organic sealants, epoxies
and the like, which are thereafter applied to a substrate
by mechanical methods known'in the art or dissolved in

solution and applied to a substrate as a conversion coating.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures la, lb and lc are photographs of test results of

the Example.

DETAILED DESCRIPTION

The present invention is drawn to a non-carcinogenic
corrosion inhibiting additive and, more particularly, a
non-carcinogenic corrosion inhibiting additive which 1is

effective against general corrosion and pitting corrosion.

In accordance with the present invention, the non
carcinogenic corrosion inhibiting additive comprises, 1n
combination, an anodic corrosion inhibitor and a cathodic
corrosion inhibitor. By anodic corrosion inhibitor 1is
meant suppression of metal oxidation reactions. By
cathodic corrosion inhibitor is meant suppression of
reduction reactions. In order to be effective, both the

anodic and

4a
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cathodic corrosion inhibitors should be "strong" corrosion
inhibitors. By strong anodic corrosion inhibitor 1is meant a
compound that 1s soluble 1n alkaline media, while precipitating
as a reduced, insoluble oxide under neutral and acidic reducing
conditions, that 1s, exXxisting as an 1i1nsoluble oxide below -600

mv vs Ag/AgCl at pH 7, and below -300 mv vs Ag/AgCl at pH 2. By

a strong cathodic corrosion inhibitor i1s meant a compound that

is soluble i1in acidic media, while undergoing a valance change to
precliplte as an insoluble oxide under neutral and alkaline and
moderately oxidizing conditions, that i1is, existing as an
insoluble oxide above -300 mv vs Ag/AgCl at pH 7, and above -9500
mv vs Ag/AgCl at pH 12. The corrosion inhibiting additive

requires both an anodic corrosion inhibitor and a cathodic
corrosion inhibitor in order to be effective agalnst general
corrosion and pitting corrosion. General corrosilon means
uniform dissolution of base metal. By pitting corrosion 1s
meant localized corrosion of metal resulting in the formation of
corrosion pits. The anodic corrosion inhibitor is effective
against general corrosion while the cathodic corrosion inhibitor

is particularly effective against pitting corrosion.

Suitable cathodic corrosion inhibitors for use in the inhilbiting
additive of the present invention i1include rare earth metal
compounds, particularly metal salts of the elements of Group
IIIB of the Periodic Table (the CAS version). All of the
foregoing elements have cathodic corrosion inhibiting
characteristics; however, 1t has been found that cerium,
neodymium and praseodymium are "strong" cathodic corrosion
inhibitors as defined above and are therefore preferred Group
IIIB elements. Particularly preferred cathodic corrosion
inhibitors are compounds of cerium and, most preferred are
cerous compounds. Suitable anodic corrosion inhibitors for use
in the inhibiting additive of the present invention include

transition element metal salts, preferably metal salts of

elements from Groups VB and VIB of the Periodic Table, with the

exception of hexavalent chromium, and more particularly include

5
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compounds of wvanadium, molybdenum and tungsten and more
particularly tungstate combined with molybdate compounds.

In accordance with the present invention a metal
complexing agent i1s used in combination with the above
described anodic and cathodic corrosion inhibitors. The metal
complexing agent 1s preferably a water soluble organic acid

salt and/or a water soluble inorganic acid salt. Particularly

useful metal complexing agents are selected from the group
consisting of citrate, gluconate, polyphosphate, tartrate,
B-diketonates, «o-hydroxy acids, D-fructose, L-sorbose and
mixtures. The metal complexing agent should be present in an
amount of between 0.1 to 1.0, preferably between 0.3 to 0.7
with respect to the mole fraction of the combined anodic and
cathodic corrosion inhibitor.

Preferred additives which are non-carcinogenic, effect

against corrosion and exhibit excellent solubility include, for

example, cerium citrate; cerium citrate with zinc molybdate,
zlnc oxide, and strontium tungstate; cerium citrate with
molybdenum oxide and strontium tungstate, and mixtures thereof.
The corrosion inhibiting additive of the present invention
may be added as an inhibitive pigment in adhesives, paints and
primers, organic sealants, epoxies and the like (hereafter

referred to as an organic carrier). These products may be

applied to the substrate which is being protected by any
suitable manner known in the art such as spraying, brushing, or
the like. 1In addition, the corrosion inhibiting additive,
whose solubility is increased by the metal complexing agent, is
dissolved in a carrier such as alcohol, water or the like and
formed on the surface of a substrate as a conversion coating.
In either case, that is, as an additive to adhesive, paints and
primers, epoxies and the like, or as an additive to a golution
for conversion coating, the corrosion inhibiting additive is

provided in a solution comprising a carrier and the corrosion

inhibiting additive. 1In the first case described above with

regard to paints and primers, etc., the carrier may be at least
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an organic binder. When the corrosion inhibiting additive is

to be applied by conversion coating, the carrier may simply be,
for example, water or alcohol. Solutions for conversion
coatings and compounds used as adhesives, paints andlprimers,
and epoxies and their preparation are well-known in the art as

evidenced by the above-referenced patents referred to in the

background of the invention.

When the corrosion inhibiting additive is used as an
additive to solutions such as adhesives, paints and primers,
sealants, epoxies and the like (herein referred to as organic
cérriers), 1t 1s preferred that the additive be present in an
amount of between about 5 to 12 vol.% and the minimum amount of
anodic corrosion inhibitor plus cathodic corrosion inhibitor is
at least 1 vol.% and the metal complexing agent is present in
at least 0.1 mole fraction of combined inhibitor. It 1is
preferred that molar solubility in water of the anodic
corrosion 1nhibitor and the cathodic corrosion inhibitor 1lie
between 1E® and 1E™® mol/liter.

When the corrosion inhibiting additive is dissolved in.
solution with a carrier, such as alcohol or water, and applied
to a substrate as a conversion coating, it is preferred that
the additive be present in an amount of between about 100 to
300 mg/ft’ and wherein the minimum amount of combined anodic
corrosion inhibitor and cathodic corrosion inhibitor is at
least 50 mg/ft?® and the metal complexing agent 1is present 1n an

amount of at least 0.1 mole fraction of combined inhibitors.
The concentration of the anodic corrosion inhibitor and
cathodic corrosion inhibitor in the carrier should be between
0.1 and 100 grams/liter, preferably between 1 and 10
grams/liter and the metal complexing agent between 0.05 to 50
grams/liter, preferably 0.5 to 5 grams/liter. When the
corrosion inhibiting additive is dissolved with a carrier for
use in water circulation systems such as boiler feed systems,

radiator fluid systems, and the like, the concentration of the
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anodic corrosion inhibitor and the cathodic corrosion inhibitor
in the carrier should be between 1 ppm and 1000 ppm, preferably
between 10 ppm and 500 ppm while the metal complexing agent is
present in an amount of 0.5 to 500, preferably 5 to 300.

The corrosion inhibiting additive is particularly useful
in preventing general corrosion and pitting corrosion on metal

substrates, particularly, high strength aluminum alloys for use

in the aerospace industry. The additive may be applied in any
manner known in the art including as a conversion coating, or
applied as a primer, adhesive, epoxy, paint, organic sealant,
sealer for anodized aluminum, additive for recirculating water
system or the like. Obviously the use of the corrosion

inhibiting additive of the present invention extends to other

fields outside of aerospace and includes automotive,
architectural, packaging, electronics, HVAC and marine.

The final product is an article comprising a metal
substrate having a corrosion inhibiting coating having a
corrosion inhibiting additive, which comprises at least one of
an anodic corrosion inhibitor, a cathodic corrosion inhibitor
and a metal complexing agent on the final product wherein the
anodic and/or cathodic corrosion inhibitor is present between 1

wt.% to 50 wt.% and the metal complexing agent is present

between 0.1 and 1.0 mole fraction of combined inhibitors. When
the corrosion inhibiting additive is applied as a conversion
coating on the metal substrate, it is preferred that the
coating have a coating weight of at least 50 mg/ftz,;preferably
between 100 and 500 mg/ftz, and the anodic and/or cathodic
corrosion inhibitor be present in an amount of between 60 to
200 mg/ft?® and the metal complexing agent in an amount of 40 to
300 mg/ft?, respectively. When the corrosion inhibitive
additive is incorporated into an organic carrier (as described
above) and applied to the metal substrate by mechanical methods
known in the art, the coating should have a thickness of at
least 2.5 microns, preferably between 2.5 and 250 microns, and

the anodic plus cathodic corrosion inhibitor be present in an
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amount of between 5 vol.% to 12 vol.% and the metal complexing
agent in an amount of 0.1 to 1.0 mole fraction of combined
inhibitor.

The corrosion inhibiting properties of the additive of the

present invention will now be made clear from the following

example.

EXAMPLE

Three specimens were prepared for corrosion test. Specimen I
was a blank coupon having no corrosion 1nhibiting additive,

Specimen II was a coupon having a hexavalent chromium additive

and Specimen III was a coupon with the additive according the

present invention. Each pigment additive was ground to a <5 um

particle size. Inhibitor pligments were weilghed out
individually and then combined, dry, before adding to the
primer base. The 1inhibitor pigment package (see Table I) was
added to the primer base 1n the appropriate proportions and
mixed by mechanical stirring. The catalyst component was added
just prior to application. Test coupons were pretreated to
achieve a water break free surface by first grit blasting,
wiping with i1so-propancol, rinsing with deionized water, and
then drying in alir. Test coupons were allowed to dry and cure

in air for 7 days prior to testing.

After the curing period, the coupons were scribed using a
tungsten carbide scribing tool. The short ends of the coupons
were taped, and the coupons were placed in a Q-Fog CCT-600
prohesion chamber for salt fog exposure testing. Salt spray

exposure tests were performed for 2000 hours per ASTM B1l1l7.

The performance of each coupon was visually evaluated (scribe
and field) and documented every 200 hours throughout the 2000-
hour exposure. After the 2000-hour test was completed, the

coupons were rinsed thoroughly, dried, and wvisually evaluated.
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Coupons with shiny metal after 2000 hours were further

evaluated under 30-50X magnification.

The results after 2000

hours are set forth in Table I and shown i1n the Figures.

Table 1. Rating for coupons

exposure.
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As can be seen from Table I and Figures 1 through 3,

the

additive of the present invention 1is effective against

corrosion and superior to hexavalent corrosion inhibitors.
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It is to be understood that the invention is not limited to
the 1llustrationg described and shown herein, which are deemed

to be merely illustrative of the best modes of carrying out the

invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within 1ts spirit and scope as defined by the claims.

11
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CLAIMS

1. A composition comprising: an organic carrier
selected from the group consisting of adhesives, paints,
primers, sealants, epoxies and mixtures thereof; and a
corrosion inhibiting additive comprising: (1) an anodic
corrosion inhibitor, selected from the group consisting of
transition metal salts; (2) a cathodic corrosion inhibitor
selected from the group consisting of rare earth metal
compounds; and (3) a metal complexing agent for improving
solubility of the anodic and cathodic corrosion inhibitor,
wherein the metal complexing agent is selected from the
group consisting of citrate, gluconate, tartrate, p-
diketonates, a-hydroxy acids, D-fructose, L-sorbose and

mixtures thereof.

2. The composition-according to claim 1, wherein the
cathodic corrosion inhibitor is selected from the group
consisting of cerous compounds and the anodic corrosion
inhibitor is selected from the group consisting of

molybdate, tungstate, vanadate and mixtures thereof.

3. The composition according to claim 1 or 2, wherein
the metal complexing agent is present in an amount of
between 0.1 to 1.0 with respect to the mole fraction of the

combined anodic¢ and cathodic corrosion inhibitor.

4. The composition according to claim 1 or 2, wherein
the metal complexing agent 1s present in an amount of
between 0.3 to 0.7 with respect to the mole fraction of the

combined anodic and cathodic corrosion inhibitor.

5. The composition according to claim 1, wherein at
least one anodic and qathodic corrosion inhibitor is
present in an amount of at least 0.1 grams/liter and the
complexing agent 1s present in an amount of at least 0.05

grams/liter.

12
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6. The composition according to claim 1, wherein the
combined anodic corrosion inhibitor and cathodic corrosion
inhibitor is present in an amount between 0.1 to 100
grams/liter, and the metal complexing agent is present in

an amount of between 0.05 to 50 grams/liter.

7. The composition according to claim 1 or 2, wherein
the additive 1is present i1n an amount of between about 5 to
12 vol. %, the minimum amount of anodic corrosion inhibitor
plus cathodic corrosion inhibitor 1is at least 1 vol. % and
the metal complexing agent is present in at least 0.1 mole

fraction of combined inhibitors.

8. An article comprising an aluminum or aluminum alloy
metal substrate having a corrosion inhibiting coating
comprising the composition according to any one of claims 1

to 7.

13
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