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(54) NON-CHROMATED COBALT CONVERSION COATING

(57) (A.) A process for forming a cobalt conversion coating on a metal substrate, thereby imparting corrosion
resistance and paint adhesion properties. The mvention was developed as a replacement for the prior art chromic acid
process. The process includes the steps of: (a) providing a cobalt conversion solution comprising an aqueous solution
having a pH of about 7.0 to 7.2 and containing a soluble cobalt-III hexacoordinated complex, the concentration of the
cobalt-1II hexacoordinated complex being from about 0.1 mole per gallon of solution to the saturation limit of the
cobalt-11I hexacoordinated complex; and (b) contacting the substrate with the solution for a sufficient amount of time,
whereby the cobalt conversion coating 1s formed. The substrate may be alumimmum or alumimmum alloy, as well as
magnesium and 1its alloys, Cd plated substrates, and Zn plated substrates. The cobalt-111 hexacoordinated complex may
be present m the form of Me;[Co(NO, )] wherein Me 1s one or more of Na, K, and L1. (B.) A chemical conversion

coating solution for producing the cobalt conversion coating on a metal substrate, the solution bemng an aqueous
solutton having a pH of about 7:0 to 7.2 and contamning a soluble cobalt-III hexacoordmated complex, the
concentration of the cobalt-III hexacoordinated complex being from about 0.1 mole per gallon of solution to the
saturation limait of the cobalt-11I hexacoordinated complex. The cobalt conversion solution may be prepared by a bath
makeup sequence mcluding the steps of: (a) dissolving a metal nitrite salt; (b) dissolving an accelerator such as Nal; (¢)
dissolving a cobalt-1I salt; and (d) then adding an oxidizer such as H,O,. (C.) A coated article exhibiting corrosion

resistance and paint adhesion properties, the article including: (a) a metal substrate; and (b) a cobalt conversion coating
formed on the substrate, the cobalt conversion coating mcluding aluminum oxide Al,O5 as the largest volume percent,

and cobalt oxides CoO, Coz0,, and Co,50;.
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€ NON-CHROMATED COBALT CONVERSION COATING

Abstract of the Disclosure

(A.) A process for forming a cobalt conversion coating on a
metal substrate, thereby imparting corrosion resistance and
paint adhesion properties. The invention was developed as a
replacement for the prior art chromic acid process. The
process includes the steps of: (a) providing a cobalt
conversion solution comprising an aqueous solution having a pH
of about 7.0 to 7.2 and containing a soluble cobalt-III
hexacoordinated complex, the concentration of the cobalt—III
hexacoordinated complex being from about 0.1 mole per gallon of
solution to the saturation limit of the cobalt-III
hexacoordinated complex; and (b) contacting the substrate with
the solution for a sufficient amount of time, whereby the
cobalt conversion coating is formed. The substrate may be
aluminum or aluminum alloy, as well as magnesium and 1its
alloys, Cd plated substrates, and Zn plated substrates. The
cobalt-III hexacoordinated complex may be present in the form
of Me3([Co(NO3)gl] wherein Me is one or more of Na, K, and Li.
(B.) A chemical conversion coating solution for producing the
cobalt conversion coating on a metal substrate, the solution
being an aqueous solution having a pH of about 7:0 to 7.2 and
containing a soluble cobalt-III hexacoordinated complex, the
concentration of the cobalt-III hexacoordinated complex being

from about 0.1 mole per gallon of solution to the saturation
limit of the cobalt-III hexacoordinated complex. The cobalt
conversion solution may be prepared by a bath makeup sequence
including the steps of: (a) dissolving a metal nitrite salt;
(b) dissolving an accelerator such as NaI; (c) dissolving a
cobalt-II salt; and (d) then adding an oxidizer such as H205.
(C.) A coated article exhibiting corrosion resistance and paint
adhesion properties, the article including: (a) a metal
substrate; and (b) a cobalt conversion coating formed on the
substrate, the cobalt conversion coating including aluminum

oxide Aly03 as the largest volume percent, and cobalt oxides
CoO, Co304, and Co,03.
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LOATINC

ON-CHROMATED CONVERSION

ZOBALT

,;- K Rf.ND_OF THE INV 3 1’-f

1) Field

This’environmenta1 qua1ity'inventiOn'is in'the field of
chemical conver51on coatings formed on-metal substrates, for
example, on alumlnum substrates. More part1cu1arly, one aspect of

~ the invention is a new type of oxide coatlng (which I refer to as

a cobalt conversxon coatlng”) Wthh is chemlcally'formed on metal
substrates. The 1nvent10n enhances the quallty of the env1ronment
of manklnd hy contrlbuting to Lhe malntenance of air and water

'quallty.
2) Des¢ '?"io"- "‘ Related Ar

In general chemlcal conversion coatlngs are formed chemlcally
by cau31ng the surface of the metal to be “converted" into a
tlghtly adherent coating, all or part of which consists of an
oxidized form of the substrate metal. Chemlcal conversion
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coatings can provide high corrosion resistance as well ‘as strong
bonding affinity for paint. The industrial application of paint

(organic finishes) to metals generally requires the use of g

chemical conversion coating, particularly when the performance
demands are high.

Although aluminum protects itself against corrosion by
forming a natural oxide coating, the protection is not

complete. In the presence of moisture and electrolytes,

aluminum alloys, particularly the high-copper 2000-series
aluminum alloys, such as alloy 2024-T3, corrode much more
rapidly than pure aluminum.

In general, there are two types of processes for treating
aluminum to form a beneficial conversion coating. The first
1s by anodic Oxidation(anodization) in which the
aluminum component is immersed in a chemical bath, such as a
chromic or sulfuric acid bath, and an electric current 1S
passed through the aluminum component and the chemical bath.
The resulting COnversion coating on the surface of the

aluminum component offers resistance to corrosion and a
bonding surface for organic finishes.

The second type of process is by chemically producing a
conversion coating, which is commonly referred to as a

chemical conversion coating, by subjecting the aluminum
component to a chemical solution, such as a chromic acid
solution, but without using an electric current in the
process. The chemical solution may be applied by immersion
application, by manual application, or by spray application.
The resultihg conversion coating on the surface of the
aluminum component offers resistance to corrosion and a
bondihg;gurface for organic finishes. The present invention
relates to this second type of process for producing chemical
conversion coatings. The chemical solution may be applied by
immersion application, by various Lypes of manual
application, or by spray application.
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One widely—used chromic acid process for forming chemical
conver51on coat1ngs on aluminum substrates is described 1in
various embodlments in Ostrander et al. U. S. Patent 2,796,370
and Ostrander et al. U.S. Patent 2,796,371, 1in military
process speC1£1cat10n MIL-C-5541, and in Boeing Process
Sp901f1catlon BAC 5719. These chromlc ‘acid chemical
conver51on baths contain hexavalent chromium, fluorides, and
cyanides, all of which present significant ehvironmental as
well as health and'safety problems ‘The constituents of a'
typlcal chromic acid conversion bath such as ALODINE®1200
'are as follows: Cr03 - "chrom1c aC1d“ (hexavalent chromlum),
NaF - sod1um fluorlde, KBF4 - potass1um tetrafluoroborate,
'KZZrF6 - pota851um.hexafluoroz1rconate, K3Fe(CN)5 - pot3531un\
' ferr1cyan1de, and, HNO3 - nitric acid (for pH control).

'Manyfaluminum'structural parts, as we11 as Cd plated, Zn
plated Zn-N1 plated, and steel parts, throughout the
a1rcraft and aerospace 1ndustry are currently ‘being treated
u51ng thlS chromic acid process technology Chromac a01d
' converSJ.on f11ms, as formed on aluminum substrates, meet a

168 hours corr051on re81stance crlterlon, but they prlmarrly
serve as a surface substrate for pa1nt adhe51on. BeCauSe of
the;r relat1ve thinness and low coatlng1welghts (40-150';
milligrams/£t2),.chromic acid conversion coatings do not
cause a fatigueilife reduction in the aluminum structure.

However, env1ronmental regulat1ons 1n the Unlted States,
part1cular1y 1n Callfornla, and 1in other countr1es are
drast1ca11y reduc1ng the allowed levels of hexavalent
chromlum compounds 1n effluents and emissions from metal

~finishing processes. Accordingly, chemical conversron
processes'empIOYingghexavaleut chromium compounds'must_be
replaced. The present invention, which does not employ
hexavalent chromium compounds, is intended to replace the
previously used chromic_acid‘process for forming conversion

coatings on aluminum substrates.
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SUMMARY OF THE_ INVENTION

(A.) In one aspect, the invention is a process for

forming a cobalt conversion cCoating on a metal substrate,
thereby imparting corrosion resistance and paint adhesion

properties. The invention was developed as a replacement for
the prior art chromic acid process.

In a broad sense, the invention is a process for forming

a Cobalt conversion coating on a metal substrate, the process
comprising the steps of:

(a) providing a cobalt conversion solution comprising an
aqueous solution of a soluble cobalt-IIT hexacoordinated
complex (hereafter referred to as cobalt-IIT complex), the
concentration of the cobalt-IIT hexacoordinated complex beilng
from about 0.1 mole per gallon of solution up to the

saturation limit of said cobalt-III hexacoordinated complex;:
and

(b) contacting the metal substrate with the solution for

a sufficient amount of time, whereby the cobalt conversion
coating is formed.

The substrate may be aluminum or aluminum alloy, as well
as magnesium and its alloys, Cd plated substrates, and Zn
plated substrates. The cobalt~III hexacoordinated complex

may be present in the form of Me3[Co(NO5)g] wherein Me
corresponds to Na, K, or Li.

(B.) In another aspect, the invention is a chemical
conversion coating solution. 1In a broagd sense, the invention
is a chemical conversion coating solution for producing a
cobalt conversion coating on a metal substrate, the solution
éomprising an aqueous solution of a soluble cobalt-ITI
hexacoordinated complex, the concentration of said cobalt-III
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hexacoordinated complex being from about 0.1 mole per gallon
of solution up to the saturation limit of said cobalt-III
hexacoordinated complex. The substrate may be aluminum or
aluminum alloy, as well as magnesium and its alloys, Cd
plated substrates, and Zn plated substrates. The cobalt-II]
hexacoordinated complex may be present in the form of
Me3[Co(NO7)g] wherein Me corresponds to Na, K, or Li.

The cobalt conversion solution may be prepared by a bath
makeup sequence including the steps of: (a) dissolving a
metal nitrite salt; (b) dissolving an accelerator such as
NaI; (c) dissolving a cobalt-II salt; and (d) then adding an
oxidizer such as H;05.

(C.) In yet another aspect, the invention is a coated
article exhibiting corrosion resistance and paint adhesion
properties, the article including: (a) a metal substrate: and
(b) a cobalt conversion coating formed on the substrate, the
cobalt conversion coating including aluminum oxide Al507 as
the largest volume percent, and one or more cobalt oxides
from the group consisting of CoO, Co304, and Coj03. The
substrate may be aluminum or aluminum alloy, as well as

magnesium and its alloys, Cd plated substrates, and 2Zn plated
substrates.

BRIEF DESCRIPTIQON OF THE DRAWINGS

The figures herein are photomicrographs of images
produced by a scanning electron microscope (SEM) of coatings
on aluminum alloy test panels. FIGS. 1-20 are
photomicrographs (scanning electron microscope- operated at 20
KV) of élqminum alloy 2024-T3 test panels with cobalt
conversion coatings made by the invention. FIGS. 1-16 show
surface views and fracture views of unsealed cobalt
conversion coatings. The photomicrographs of FIGS. 1-16

reveal a highly porous surface oxide (unsealed cobalt
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conversion coatings) with a thickness range of about 0.12 to
0.14 micron (1200 to 1400 Angstroms). FIGS. 1-4 show an

unsealed cobalt conversion coating formed by a 20 minute
immersion in a typical cobalt coating solution. FIGS. 5-8
show an unsealed cobalt conversion coating formed by a 30

minute immersion in a typical cobalt coating solution. FIGS.

solution. There were only minor differences in oxide coating

thickness between these immersion times. This suggests that

at any given bath operating temperature, the oxide structure
becomes self limiting. FIGS. 17-20 show surface views and

fracture views of a sealed cobalt conversion coating.

FIG. 1 1s a photomlcrograph at X10,000 magnification of a
test panel showing a cobalt conversion coating 130 of the

invention. The photomicrograph is a top view, from an
elevated angle, of the upper surface of oxide coating 130.
The top of oxide coating 130 is porous and looks lnke a laver
Oof chow mein noodles. The porosity of oxide coating 130
gives excellent paint adhesion results. This test panel was

immersed in a cobalt conversion coating solution for 20
minutes. The white bar is a length of 1 micron.

FIG. 2 is a photomicrograph at X50,000 magnification of
the test panel of FIG. 1. The photomicrograph is a top view,

from an elevated angle, of the upper surface of oxide coating
130. FIG. 2 is 3 close-up, at higher magnification, of a
small area of FIG. 1. The white bar 1s a8 length of 1 micron.
FIG. 3 is a photomicrograph at X10,000 magnification of a
test panel showing a side view of a fractured cross section

of a cobalt conversion coating 130 of the invention. The

fractured cross section of the aluminum substrate of the test
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panel 1s indicated by reference numeral 132. This test panel
was immersed in a coating bath for 20 minutes. To make the

photomicrograph, the test panel was bent and broken off to
expose a cross section of oxide coating 130. The white bar

1s a length of 1 micron.

FIG. 4 1s a photomicrograph at X50,000 magnification of
the test panel of FIG. 3 showing a side view of a fractured

cross section of cobalt conversion coating 130 of the
invention. FIG. 4 is a close-up, at higher magnification, of
a small area of FIG. 3. The aluminum substrate of the test
panel is indicated by reference numeral 132. The white bar
1s a length of 1 micron. Oxide coating 130 has a vertical
thickness of about 0.12-0.14 micron.

FIG. 5 1s a photomicrograph at X10,000 magnification of
another test panel showing another cobalt conversion coating
150 of the i1nvention. The photomicrograph is a top view,
from an elevated angle, of the upper surface of oxide coating
150. The top of oxide coating 150 is porous and looks like a
layer of chow mein noodles. This test panel was immersed 1in
a cobalt conversion coating solution for 30 minutes. The

white bar is a length of 1 micron.

FIG. 6 1s a photomicrograph at X50,000 magnification of
the test panel of FIG. 5. The photomicrograph is a top view,
from an elevated angle, of the upper surface of oxide coating
150. FIG. 6 1s a close-up, at higher magnification, of a
small area of FIG. 5. The white bar is a length of 1 micron.

FIG. 7 is a photomicrograph at X10,000 magnification of a
test panel showing a side view of a fractured cross section
of Cobalf-conversion coalting 150 of the invention. The
aluminum substrate of the test panel is indicated by

reference numeral 152. This test panel was immersed in a

coating bath for.30 minutes. To make the photomicrograph,
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the test panel was bent and broken off to expose a cCross
section of oxide coating 150. The white bar 1s a length of ]

micron,

FIG. 8 is a photomicrograph at X50,000 magnification of
the test panel of FIG. 7 showing a side view of a fractured
Cross section of cobalt conversion coating 150 of the
invention. FIG. 8 is a close-up, at higher magnification, of
~a small area of FIG. 7. The aluminum substrate of the test
panel 1s indicated by reference numeral 152. The white bar

1s a length of 1 micron. Oxide coating 150 has a vertical
thickness of about 0.12-0.14 micron.

FIG. 9 1s a photomicrograph at X10,000 magnification of a
test panel showing a cobalt conversion coating 190 of the
invention. The photomicrograph is a top view, from an
elevated angle, of the upper surface of oxide coating 190.
The top of oxide coating 190 is porous and looks like a layer
of chow mein noodles. This test panel was immersed in a

impurity, believed to be a piece of oxidized material, on top
of oxide coating 190. The white bar 1s a length of 1 micron.

FIG. 10 is a photomicrograph at X50, 000 magnification of
the test panel of FIG. 9. The photomicrograph is a top view
from an elevated angle, of the upper surface of oxide coating
190. FIG. 10 is a Cclose-up, at higher magnification, of a
small area of FIG. 9. The roundish object indicated by
reference numeral 192a is an unidentified impurity on top of
oxide coating 190. The white bar is a length of 1 micron.,

FIG. 11 is a photomicrograph at X10,000 magnification of
a test panel showing a side view of a fractured cross section
of a cobalt conversion coating 190 of the invention. The
fractured cross section of the aluminum substrate of the test
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panel is indicated by reference numeral 194. This test panel
was 1mmersed in a coating bath for 50 minutes. To make the

photomicrograph, the test panel was bent and broken off to
expose a cross section of oxide coating 190. The white bar
1s a length of 1 micron.

FIG. 12 1s a photomicrograph at X50,000 magnification of
the test panel of FIG. 11 showing a side view of a fractured
cCross section of cobalt conversion coating 190 of the
invention. FIG. 12 is a close-up, at higher magnification,
Of a small area of FIG. 11. The aluminum substrate of the
test panel is indicated by reference numeral 194. The white
bar 1is a length of 1 micron. Oxide coating 190 has a
vertical thickness of about 0.12-0.14 micron.

FIG. 13 is a photomicrograph at X10,000 magnification of
another test panel showing a cobalt conversion coating 230 of
the invention. The photomicrograph is a top view, from an
elevated angle, of the upper surface of oxide coating 230.
The top of oxide coating 230 is porous and looks like a layer
Of chow mein noodles. This test panel was immersed in a
cobalt conversion coating solution for 60 minutes. The white

bar is a length of 1 micron.

FIG. 14 is a photomicrograph at X50, 000 magnification of
the test panel of FIG. 13. The photomicrograph is a top
view, from an elevated angle, of the upper surface of oxide
coating 230. FIG. 14 is a Close-up, at higher magnification,
of a small area of FIG. 13. The white bar is a length of 1
micron,

FIG. 15 1is a pﬁotomicrograph at X10,000 magnification of
a test panel showing a side view of a3 fractured cross section
of cobalt conversion coating 230 of the invention. The
aluminum substrate of the test panel 1s indicated by

reference numeral 232. This test panel was immersed in the
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coating bath for 60 minutes. To make the photomicrograph,
the test panel was bent and broken off Lo expose a cross

section of oxide coating 230. The white bar i1s a length of 1

micron.

FIG. 16 is a photomicrograph at X50,000 magnification of
the test panel of FIG. 15 showing a side view of a fractured
cross section of cobalt conversion coating 230 of the
invention. FIG. 16 is a close-up, at higher magnification,
of a small area of FIG. 15. The white bar is a length of 1
micron. Oxide coating 150 has a vertical thickness of about
0.12-0.14 micron.

FIG. 17 is a photomicrograph at X10,000 magnification of
another test panel showing a sealed cobalt conversion coating
270 of the invention. The photomicrograph is a top view,
from an elevated angle, of the upper surface of sealed oxide
coating 270. This test panel was immersed in a sealing
solution for 20 minutes. Sealed oxide coating 270 is not as
porous as an unsealed oxide coating, the pores of the oxide
coating being partially filled by hydration as a result of
immersion in a sealing solution. The partial sealing of the
oxide coating gives reduced paint adhesion results, but
excellent corrosion resistance performance. The whitish
areas 1dentified by reference numeral 274 are believed to be
impurities from the sealing solution. The white bar is a

length of 1 micron.

FIG. 18 1s a photomicrograph at X50,000 magnification of
the test panel of FIG. 17. The photomicrograph 1s a top
view, from an elevated angle, of the upper surface of sealed
oxide Cbating 270. FIG. 18 1s a close-up, at higher
magnification, of a small area of FIG. 17. Sealed oxide
coating 270 is not as porous as an unsealed oxide coating,
the pores of the oxide coating being partially filled by
hydration as a result of 1mmersion i1n a sealing solution.

The white bar i1s a length of 1 micron.

~10-
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FIG. 19 1s a photomicrograph at X10,000 magnification of
a test panel showing a side view of a fractured cross section
of sealed cobalt conversion coating 270 of the invention.
The aluminum substrate of the test panel is indicated by
reference numeral 272. This test panel was immersed in the
sealing bath for 20 minutes. To make the photomicrograph,
the test panel was bent and broken off to expose a Cross

section of oxide coating 270. The white bar is a length of 1
micron.

FIG. 20 1s a photomicrograph at X50,000 magnification of
the test panel of FIG. 19 showing a side view of a fractured

cross section of sealed cobalt conversion coating 270 of the
invention. FIG. 20 is a close-up, at higher magnification,
of a small area of FIG. 19. The white bar is a length of 1

micron. Sealed oxide coating 270 has a vertical thickness of
about 0.12-0.14 micron.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

I have invented two classes of cobalt conversion
coatings. The first class is a cobalt conversion coating
consisting of an oxide structure in unsealed condition and
suitable for use in service where paint adhesion is
especially important. The second class is a cobalt
conversion coating consisting of an oxide structure in sealed

condition and suitable for use in service where bare metal
corrosion resistance performance is desired.

A considerable amount of empirical research was conducted
in order to arrive at the present invention. A variety of
multivalent compounds was investigated, used either by
themselves or in combination with alkalies, acids, or
fluorides. Among these compounds were vanadates, molybdates,
cerates, ferrates and a variety of borates. While film

~1]1-
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deposition of compounds containing these elements on aluminum
alloy substrates has been achieved, none afforded any

observed, however, when aluminum substrates were immersed in
aqueous solutions of simple cobalt-IT (C02+) salts heated to
180°F. This led to an investigation of a number Oof cobalt-II
and cobalt-III (Co3+) reactions, in particular as described

1n copending application Serial No. 07/525,800 filed May 17,
1990.

When 2-valent cobalt salts are dissolved into an agueous
solution of MeNO, (where Me = Na, K, or Li1) (alkali metal
lons), in the presence of an oxidizing agent, such as H-20»,
then 3-valent cobalt nitrite complexes are formed:

where X; = (NO3),, Cl,, (CH3C00), (acetate), 504, Bry, (CN),,
(SCN),, CO3. From an environmental standpoint, the cyanide
and thiocyanate salts are not preferred. 1In particular, the
following bath chemistries were prepared and tested:

(2) 2 CO(NO3)2'6H20 + 12 NaNO, + H05 = 2 Na3[Co(N02)6]
+ 4 NaNO3 + 2 NaOH

(3) 2 Co(NO3)2+6H-0 + 12 KNOz + H0H5 = 2 K3[Co(NOjy)¢]
+ 4 KNO3 + 2 KOH

i

(4) 2 Co(CH3C00)5+4H,0 + 12 NaNOp + H50, -
2 Na3z[Co(NOy)g] + 4 CH3COONa + 2 NaOH

(5) 2 CoCly+6H;0 + 12 NaNO; + Hp05, — 2 Na3z[Co(NOjy)gl +
4 NaCl + 2 NaOH

~12-
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These 3- valent cobalt nitrite complexes were found to

produce brrghtly 1r1descent ox1de coatlngs on aluminum
substrates.

The chemastry descrlbed in Unlted States patent

' 'number 5,298,092 involved the chemlstry of an aqueous |
~solution contalnlng a cobalt II salt such as CoXj thereixz =

Cly, Brz, (N03)z. (CN)2, (SCN),, 2/;.,'."04,504, (CH3C00)7, CO3)
and the correspondlng ammonium salt NHgX in the presence of

ammon1um hydroxide (ammonia) to form a cobalt III hexammine
coordlnatlon complex, for example.~ '

023
(6) 4 CoXy + 4 NH4X +20'NH3"“‘“"ﬁ>-

4 [Co(NHa)elxa + water.

It should be noted that the above cobalt hexammlne '
'-'chemlstry in equatlon (6) 1nvolves a- cobalt coordination
?complex where the portlon of the complex WhICh 1nc1udes the

 11gand (the bracketed port1on 1n equation (6)) 1s p031t1ve1y'
charged 1 €.,

(M [Co(NHz)gI3*
- In the cobalt hexanltrlte chemlstrY subsequently N

~=deV310Ped and descrlbed hereln, cobalt coordlnatlon complexes;

‘are formed where the portion of the complex which includes

the ligand (the bracketed portlon in equat1ons (1)-(5)) 1is
| negat1ve1y'charged, i1.e.,

(8)  [Co(NO2)gl3—
and the complete complex is

(9) _Me3[Co(N02)6]'

-13-
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where Me corresponds to Na, K, or Li (alkali metal 1ons).

This cobalt nitrite complex bath chemistry (equation (1))
has a distinct advantage over the previously described cobalt
hexammine complex chemistry (equation (6)) in that pH control
of the cobalt hexanitrite complex bath is not required.

It was discovered that when aluminum alloy substrates
(such as alloy 2024-T3) are immersed in an aqueous solution
containing the cobalt-III nitrite complexes above, bright
iridescent coatings are formed on the aluminum alloy, which
give excellent corrosion resistance properties.

It is surprising that cobalt-III hexanitrite complexes
are capable of forming oxide structures on aluminum
substrates. The oxidizing ability of the cobalt-III
hexanitrite complex is believed to be responsible for the
formation of the observed oxide films (which I refer to as
"cobalt conversion coatings”) on aluminum substrates. The
formation of oxide structures has been confirmed by
instrumental analysis (Auger analysis and electron
microscopy) of the coating. The photomicrographs in FIGS.
1-20 1llustrate the appearance of the cobalt conversion
coating of the.invention.

Initial bath formulations were made up using
Co(NO3)»2+6H20 and NaNO;. Reaction quantities were used in
accordance with stoichiometric amounts as shown in equation
(2) above.

It became apparent during experimentation-with this
initial formulation that a number of parameters are important
from the standpoint of bath chemistry and uniform formation
of oxide coating films. These parameters are: chemical
reactant selection; chemical reactant concentrations; bath
makeup sequence; temperature; and immersion time. It should

be noted that pH control 1s not a factor.

~14-
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mical R n ] 10n

Regarding reactant selection, a wide variety of cobalt salts
and metal nitrite salts are operable for cobalt complexing.

Among the cobalt-II salts which are operable in water solution
are: cobalt nitrate, Co(NO3);- 6H0; cobalt chloride, CoCly+6H50;
Cobaltous sulfate, CoSO4; cobaltous acetate, Co(CH3C00)7+4H50;
and cobaltous basic carbonate, 2CoCO3+Co(OH)2+H20. Each of the

foregoing cobalt-II salts may be reacted with a nitrite salt
such as NaNO,;, KNOj, or L1NO,.

Furthermore, other cobalt-II salts may be used if they
POSsess a minimum solubility in water or in a3 water solution
containing a metal nitrite salt. The minimum solubility needed
is 25 grams per 100 ml of water at 20°C (68°F) or 25 grams per

100 ml of water solution containing a metal nitrite salt at 20°C
(68°F).

It may also be noted that for dluminum and aluminum alloys
the preferred reactants are Co(NO3)2 6H0 and NaNO,, since
cobalt nitrite complexes formed with potassium or lithium

nitrite are of limited solubility and will eventually drop out
of an aqueous solution.

A preferred chemical additive is an oxidizer, preferably
hydrogen peroxide, H50,. The function of the oxidizer is to

oxidize the cobalt-II ions in solution to cobalt-III ions. Care




Furthermore, it may also be noted that a reaction
accelerator chemical such as sodium bromide (NaBr) or sodium
1todide (Nal) may be added to the solution. (Nal is preferred.)
The reaction accelerator was found to have the effect of

accelerating the formation of the oxide conversion coatings on

Cobalt nitrate Co(NO3)2+6H50
Sodium nitrite NaNO,
Hydrogen peroxide (oxidizer) H>05

Sodium iodide (accelerator) Nal

Chemical Reactant Concentration, pH, Temperature, And Immersion
Time

With respect to chemical reactant concentrations, the

limit of the cobalt-II salt employed. The concentration of
dissolved metal nitrite salt may be from about 0.6 to 12 moles
per gallon of final solution. The concentration of oxidizer,
such as hydrogen peroxide, may be from complete omission up to
about 0.5 moles per gallon of final solution. As stated above,

an excess amount of hydrogen peroxide has undesired effects.

The concentration of accelerator salt, such as NaI, may be from

complete omission up to the solubility limit of the accelerator
in the solution. The pPH of the bath may be from about 7.0 to
7.2, The temperature of the bath may be from about 68°F to
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150°F; below 100°F coating formation is very slow; above 150°F
gradual decomposition of the cobalt-III hexanitrite complex

occurs. The immersion time may be from about 3 minutes to 60
minutes.

P:gfgrrgg Bath Preparation Sequence

1. A stainless steel tank fitted with air agitation
plumbing and heating coils is filled to 3/4 with deionized water
at a temperature of 68°F to 90°F. Air agitation is commenced to
a gentle bubble. (The tank may be equipped with a filter unit

to remove any solid impurities (dust, aluminum silt, etc.)
during processing.)

2. A quantity of nitrite salt (NaNO,; is preferred) is added
and completely dissolved. Stainless steel baskets may be used
to hold the nitrite salt granules suspended in the water while
dissolving. The preferred concentration of nitrite salt is
about 3.6 moles per gallon of final solution. The amount used
1s based on the mole ratio of nitrite salt to cobalt salt which
will produce an oxide coating exhibiting high paint adhesion

properties. The preferred molar ratio of nitrite salt to cobalt
salt 1s about 12 to 1.

3. A quantity of sodium iodide (the conversion coating
reaction accelerator) may now be added. The concentration of
this additive may be from no addition up to the solubility

limit, however the preferred quantity is 80-100 gm per gallon of
final solution.

4.- The cobalt-II salt is now added and dissolved. The
preferred concentration is about 0.3 moles per gallon of final
solution. This concentration of the cobalt salt, when added to
a8 solution already containing 3.6 moles per gallon of nitrite

salt, achieves the preferred molar ratio of nitrite salt to

cobalt salt of 12 to 1. Moderate air agitation is maintained.

~-17-
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9. A quantity of hydrogen peroxide H05 is now slowly
added. The preferred amount is 0.3 to 0.5 moles of H,0> (30 to
50 ml of H20-5 (30 volume %)) per gallon of final solution. The
tank 1s filled to the final volume with deionized water. Air
agitation of this

solution is maintained for 12-16 hours at a temperature of
68-90°F and then the solution is heated to preferably 120 +

>°F. The use of H0, is preferred for fast and consistent

Cobalt-III hexanitrite complex formation. The solution is now
ready for operation.

6. Optionally, a second stainless steel tank (to be used
for a coating seal step) is prepared with air agitation plumbing
and heating coils and is filled 3/4 with deionized water. This
post-cobalt conversion coating step serves as an oxide coating

sealer to promote corrosion resistance performance. The tank is
heated to 180 * 5°F with air agitation.

7. A quantity of ammonium nitrate, NH4NO3, 1is added to the
seal tank and dissolved. The preferred amount is 114 gm

(1.42 moles) per gallon of final solution. Stir as necessary to
dissolve.

8. A gquantity of nickel sulfate, Ni1SO4+6H>0, and a quantity
of manganese acetate, Mn(CH3COO)2o4H20, are added to the seal
tank and dissolved. The preferred amount of nickel sulfate is
152 gm (0.58 moles) per gallon of final solution. The preferred
amount of manganese acetate is 76 gm (0.31 moles) per gallon of

final solution. Stir as necessary to dissolve.

9. The seal tank is then filled to final volume with

deionized water. No further air agitation is needed.

Preferred Overall Processing Sequences

The preferred overall processing sequences may be summarized
as follows:

— 18—
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PROCESS SEQUENCE FLOW CHART

FOR MAXIMUM PAINT ADHESION

(1) PRECLEAN IF REQUIRED
(2) MASK AND RACK AS REQUIRED
(3) ALKALINE CLEAN AND RINSE

(4) DEOXIDIZE AND RINSE
(5) FORM OXIDE COATING - 15 MINUTES AT 125 + 5°F

(6) IMMERSION RINSE - 140°F, 5 MINUTES MINIMUM
(7) DRY -~ 140°F MAXIMUM

PROCESS_SEQUENCE FLOW CHART

FOR MAXIMUM CORROSION RESISTANCE

(1) PRECLEAN IF REQUIRED -
(2) MASK AND RACK AS REQUIRED
(3) ALKALINE CLEAN AND RINSE
(4) DEOXIDIZE AND RINSE
(5) FORM OXIDE COATING - 30 MINUTES AT 125 + 5°F
(6) IMMERSION RINSE - 140°F, 5 MINUTES MINIMUM
(7) SEAL AS REQUIRED
(8) RINSE - ROOM TEMPERATURE, 3 MINUTES MINIMUM
(9) DRY - 140°F MAXIMUM
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solution entrapment is possible, should not be subjected to
immersion alkaline cleaning or immersion deoxidizing; manual
cleaning and manual deoxidizing procedures should be used to
obtain water break-free surfaces before applying cobalt conversion
treatment. A water break-free surface is a3 surface which
maintains a continuous water film for a period of at least 30
seconds after having been sprayed or immersion rinsed in clean

water at a temperature below 100°F.

Thorough rinsing and draining throughout processing is
necessary as each solution should be completely removed to avoid
interference with the performance of the next solution 1in the
sequence. Parts should be proceSsed from one step to the next
without delay and without allowing the parts to dry. When it 1is
necessary to handle wet parts, wear clean latex rubber gloves.
After conversion coating, handle dry parts only with clean fabric
gloves. For processing systems which require part clamping, the
number and size of contact points should be kept to a minimum as

necessary for adequate mechanical support.

Precleanin

Vapor degrease may be performed in accordance with Boeing
Process Specification BAC 5408, emulsion clean in accordance with
Boeing Process Specification BAC 5763, or solvent clean in
accordance with Boeing Process Specification BAC 5750 if parts are
greasy or ol1ly. Parts with open faying surfaces or spot-welded
joints where solution entrapment is possible should be immersed in
cold water (or i1n hot and cold water) for 2 minutes after

precleaning,

Masking And Racking

Areas which do not require cobalt conversion coatings should
be masked with maskants. Dissimilar metal inserts (except
chromium, nickel or cobalt alloy or plating, CRES, or titanium)

and non-aluminum coated plasma flame sprayed area should be masked
off.

-20-
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Alkaline Cleaning

Alkaline clean and rinse may be performed in accordance with

Boeing Process Specification BAC 5744 or Boeing Process
Specification BAC 5749 except for parts with open faying surfaces
or spot welded joints, in which case, rinsing should be for at
least 10 minutes using agitation with multiple immersions (a
minimum of four times) followed by manual spray rinsing as

required to prevent solution entrapment.

Deoxidizing

Deoxidize and rinse may be performed in accordance with Boeing
Process Specification BAC 5765 except for parts where solution
entrapment is possible, which parts may be rinsed using the method

described above under “Alkaline Cleaning". Castings may be
deoxidized by either of the following methods:

a. Deoxidize in accordance with Boeing Process Specification
~ BAC 5765, Solution 37, 38 or 39,

b. Dry abrasive blast castings in accordance with Boeing
Process Specification BAC 5748, Type II, Class 1 and

rinse.

Examglgs

Examples of specific solution formhlations within the scope of

the 1nvention are as follows:

~21-
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Component

Make-Up Control
Per Gallon Of Limits
Final Solution

Cobalt(ous) nitrate,
Co(NO3)2+6H50
(hexahydrate)

Sodium nitrite, NaNOs

Sodium Iodide, Nal

Hydrogen peroxide,
H209 (30 vol. %)

Water

Temperature

pH

85 gm 75-95 gm/gal
(about 0.29 mole)

242 gm 227-246 gm/qgal

(about 3.51 moles)

90 gm 83-99 gm/gal
(about 0.60 moles)

30-50 ml

(about 0.3-0.5 moles
of H05)

balance

120 + 5° F

7.0 - 7.2

The formulation of Example 1, with a molar ratio of nitrite
salt to cobalt salt of about 12 to 1, is useful for producing

oxide coatings exhibiting high paint adhesion in unsealed

condition.
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Example 2.
Component Make-Up Control
Per Gallon Of Limits
- o Final Solution
Cobalt (ous) chloride, CoClo«6H50 69 gm
(hexahydrate) (about 0.29 mole)
Sodium nitrite, NaNO, 242 gm

(about 3.51 moles)

Sodium iodide, Nal 90 gm

(about 0.60 moles)

Hydrogen peroxide, Hy0o5 (30 vol. %) 30-50 ml
(about 0.3-0.5 moles of
H207)
Water balance
Temperature 120-150°F
pH 7.0 - 7.2

The formulation of Example 2, also having a molar ratio of
nitrite salt to cobalt salt of about 12 to 1, is useful for

producing oxide coatings possessing high paint adhesion
properties in unsealed condition.
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Example 3.
Component Make-Up Control
Per Gallon Of Limits
_ Final Solution
Cobalt acetate, 73 agm
Co(CH3C00) 2+4H50 (about 0.29 moles)
Sodium nitrite, NaNO» 242 gm
(about 3.51 moles)
Sodium iodide, Nal 90 gm
(accelerator) (about 0.60 moles)
Hydrogen peroxide, 30-50 ml
H205 (30 vol. %) (about 0.3-0.5 moles of
Hy05)
Water balance
Temperature 120-150°F
pH 7.0 - 7.2

S e B - e _— P

It should be noted that in all of the above examples hydrogen

peroxide H05 (30 vol. %) is employed to convert the 2-valent cobalt
salt into the 3-valent cobalt hexanitrite complex. While air

bubbling (aeration) of the solution alone will convert a sufficient
quantity of cobalt-II salt to cobalt-III complex, the procedure will

be time consuming and complete conversion may never be obtained.

In principle, any 2-valent soluble cobalt salt may be reacted
with any soluble nitrite salt to form 3-valent cobalt hexanitrite

- 24 -
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complexes. Furthermore, this type of complexing, as shown in
formula (8) above, is not restricted to nitrites only. For research
purposes, cyanide salts were used (i.e., sodium cyanide, NaCN) to
form hexacyano complexes of the type shown below

(10) Me3 [Co(CN)g]

and have yielded satisfactory conversion coatings on aluminum

alloys. However, cyanide complexes will not be used because of
environmental considerations.

As mentioned above, in order to produce cobalt conversion
coatings with maximum corrosion resistance performance (168 hrs.
salt spray corrosion resistance, when tested in accordance with ASTM
B117) it is necessary to subject the cobalt conversion coating to a
sealing step. For this purpose, a number of sealing solutions were

found to be useful, however, the sealing solution formulation below
1s preferred.

Example 4.
Component Make-Up Control
Per Gallon Of Limits
L Final Solution _

Nickel sulfate, 152 gm 144-159 gm
NiSO4+6H70 (about 0.58 moles)
(hexahydrate)

Ammonium nitrate, 114 gm 105-121 gm
NH4NO4 - (about 1.42 moles)

Manganese acetate, 76 gm 68-84 gm
Mn(CH3CO00) 5+ 4H50 (about 0.31 moles)

Operating temperature 185 + 5° F

~25-
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The immersion time in the sealing solution may be about
10-30 minutes, with 15 minutes being preferred. The sealing
solution 1is believed to seal the cobalt conversion coating by a
hydration mechanism. FIGS. 17-20, particularly FIG. 18, show a
sealed cobalt conversion coating 270. Other sealing solutions

which may be employed are as follows:

Solution 1: Boric acid, H3BO3, 50 gm/gal.
Cobalt sulfate, CoSO4+7H20, 25 gm/gal.
Ammonium acetate, CH3COONH4, 25 gm/gal.

Solution 2: Boric acid, H3BO3, 30 gm/gal.
Sodium borate, Najs;B407, 30 gm/gal.
Sodium nitrite, NaNO,, 30 gm/gal.
Ammonium vanadate, NH4VO3, 5 gm/gal.

Solution 3: Cobalt sulfate, Cob04+7H-0, 25 gm/gal.
Ammonium vanadate, NH4VOg3, 5 gm/gal.

Boric acid, H3BO3, 50 gm/gal.

Solutions 1-3 are not preferred because they lose their
effectiveness over a period of time, whereas the solution in

Example 4 has a long life.

Cobalt Conversion Coating; Solution Temperature And Immersion Time

The two process parameters of solution temperature and immersion
time have been found to be important as relating to cobalt

conversion coating performance.

A continuous operating temperature range of the cobalt
conversion tank of 120-140°F yields optimum results with respect to
coating performance on aluminum alloy substrates. Optimum paint
adhesion 1s obtained when the tank is operated at or near 120°F,

while optimum corrosion resistance performance is given at 140°F in
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combination with the subsequent seal process. Immersion times in
the cobalt conversion tank have an effect on the oxide coating

thickness as measured by the coating weight (in unsealed condition)
ranging from 40 to 60 mg/ft4. An optimum immersion time for maximum

paint adhesion is 15 minutes and for maximum corrosion resistance
performance i1is 30 minutes.

Corrosion Resistance

Salt spray corrosion resistance of cobalt conversion coatings
produced by the above processes varies over a wide range, depending
on reactant selection, immersion times, and bath operating

temperatures. Preferred results are obtained when the formulation
of Example 1 1s utilized at immersion times of 30 minutes. In this
way, sealed oxide coatings have been produced with 168 hrs. of salt
spray corrosion resistance when sealed with the seal solution as

desCribed herein and tested in accordance with ASTM Bl17.

Paint Adhesion

Paint adhesion tests were conducted using aircraft paints
qualified to Boeing Material Specification BMS 10-11 (a highly
crosslinked epoxy primer) and BMS 10-60 (a highly crosslinked

urethane topcoat). General trends observed with the present cobalt

conversion coatings are consistent with conventional chromic acid

conversion coatings, i.e., corrosion resistance and paint adhesion
performance properties have an inverse relationship. In general,

where corrosion resistance is at a maximum, paint adhesion is at a
minimum, and vice versa.

However, the optional post-conversion step-consisting of
immersion into a heated solution (at 185 + 5°F) of

N1804/NH4NO3/Mn—acetaté minimizes this problem by maintaining

sufficient paint adhesion values while maintaining high corrosion
resistance properties.
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xid ating Analvses

ESCA surface analysis, using a Perkin-Elmer Model 550
surface analyzer, and Auger oxide profiles, using the same
machine (in a different operating mode), have been performed 1in
order to characterize the cobalt conversion coatings of the
invention. (ESCA = electron spectroscopy for chemical analysis

(also known as XPS or X-ray photoelectron spectroscopy).)

These analyses show that the cobalt conversion coating
consists of a mixture of oxides, namely, aluminum oxide, Al30j3,
as the largest volume percent, and cobalt oxides, CoO, Co304,
and Co;03. The term "largest volume percent” means that the
volume of this oxide exceeds the volume of any other oxide
which is present, but the term "largest volume percent" does
not necessarily imply that the volume of this oxide is more

than 50 volume percent.

The data further shows that i1n the lower portion of the
oxide coating (that 1i1s, next to the aluminum substrate), the
largest volume percent is Al,03. The middle portion of the
oxide coating is a mixture of CoO, Co304, Co303, and AljOj3.
And the data shows that in the top portion of the oxide
coating, the largest volume percent 1s a mixture of Co304 and
Co703.

Additional characterization of the cobalt conversion
coatings of the invention may be found above 1in the "Brief
Description Of The Drawings", 1in FIGS. 1-20, and in the
descriptions of FIGS. 1-20. FIGS. 1-4 show a cobalt conversion
coating 130 (in the unsealed condition) formed by a 20 minute
immersion-in a typical cobalt conversion coating solution.
FIGS. 5-8 show a cobalt conversion coating 150 (in the unsealed
condition) formed by a 30 minute immersion in a typical cobalt
conversion coating solution. FIGS. 9-12 show a cobalt

conversion coating 190 {(in the unsealed condition) formed by 3
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00 minute immersion in a typical cobalt conversion coating
solution. FIGS. 13-16 show a cobalt conversion coating 230 (in

the unsealed condition) formed by a 60 minute immersion in a

typical cobalt conversion coat;ng solution. Comparing FIGS.
1-4, FIGS. 5-8, FIGS. 9-12, and FIGS. 13-16, there does not

appear to be any significant structural difference between
coatihg 130, coating 150, coating 190, and coating 230. This
Suggests that at any given bath operating temperature, the
oxide coating becomes self limiting. The top surface of the
cobalt conversion coating, as shown in FIGS. 1, 2, 5, 6, 9, 10,
13, and 14 is porous and bears ga resemblance to chow mein
noodles. This oxide structure provides appreciable surface
area ahd porosity for good paint adhesion.

the coating was partially sealed by immersion in a sealing
solution. 1In particular, FIG. 18 shows the partially sealed
structure of coating 270. Sealed oxide coating 270 is not as
POIOuUs as an unsealed oxide coating, the pores of the oxide
coating being partially filled by hydration as a result of
immersion in a sealing solution. The partial sealing of the

oxide coating gives reduced paint adhesion results, but
excellent corrosion resistance performance.

her Meth Of Application

The above examples illustrate Producing cobalt conversion

coatings by immersion application. The same principles apply

by spray application.

The patents, spécifications, and other publications
referenced above are incorporated herein by reference.

-29.




~ o~ 2056159

As will be apparent to those skilled in the art to which
the invention is addressed, the present invention may be

embodied in forms other than those specifically disclosed
above, without departing from the splirit or essential
Characteristics of the invention. The particular embodiments
of the invention described above ang the particular details of
the processes described are therefore to be considered in all
respects as 1llustrative and not restrictive. The scope of the
present invention is as set forth in the appended claims rather
than being limited to the examples set forth in the foregoing

description. Any and all equivalents are intended to be
embraced by the claims.

~30-—
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- —_— T I 003
WHAT IS CLAIMED IS:
1. A process for forming an oxjide film cobalt conversion

coating exhibiting corrosion resistance and paint adhesion
properties on a metal substrate, wherein gaid substrate 1is
S aluminum, aluminum alloy, magnesium, magnesium alloy, a Cd
plated substrate, or a Zn plated substrate, said procesgs

comprising the steps of:

(a) providing an oxide film forming cobalt conversion

solution comprising an agqueous reaction solution

10 comprising soluble cobalt-ITIT hexacoordinated
complex, wherein salid c¢okalt-IITI hexacoordinated

complex 18 pregent 1in the form of Me;[Co(NO:)]

wherein Me 1s one or more selected from the group

congisting of Na, K, and Li, and the concentration

15 of said cobalt-III hexaccordinated complex is from
about 0.1 mole per gallon of solution to the

saturation limit of said cobalt-III hexacoordinated

complex, and wherein said aqueous reaction solution
has a pH of about 7.0 to 7.2; and

20 (b) contacting sald metal substrate with said solution
fFor a sufficient amount of time to oxidize the

surface of said substrate, whereby said oxide film

cobalt conversion coating 1S formed, thereby
imparting corrosion resistance and paint adhesion

25 properties to said substrate.
2. IThe process of Claim 1, wherein said cobalt conversion

solution has a temperature of about 68° F. to 150° F.

3. The process of Claim 1, wherein said substrate is

contacted with said cobalt conversion solution for a time of
30 about 2 minutes to 60 minutes.

4. A process of forming an oxide film cobalt conversion

coating exhibiting c¢orrosion resistance and paint adhesion

-3]
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properties on a metal substrate, wherein said substrate is
aluminum, aluminum alloy, magnesium, magnesium alloy, a Cd
plated substrate, or a 2Zn plated substrate, said process

comprising the steps of:

5 (a) providing an oxide film forming cobalt conversion
solution comprising an agueous reaction solution
comprising a soluble cobalt-III hexanitrite complex,
wherein gaid cobalt-IIT hexanitrite complex is
present 1in the form of Me; [Co(NO;)g] wherein Me 1is

10 one or more selected from the group consisting of
Na, K, and L1, and wherein sailid cobalt-ITIT
hexanitrite complex was made by reacting a cobalt-I1II
salt with an alkali metal nitrite such that the
concentration of said cobalt-~III hexanitrite complex

15 18 from about 0.1 mole per gallon of solution to the
saturation limit of said c¢cobalt-III hexanitrite
complex, and wherein sald agqueous reaction solution
has a pH of about 7.0 to 7.2; and

(b) contacting said metal substrate with said solution

20 for a sufficient amount of time to oxidize the
surface of said gubstrate, whereby said oxide f£film

cobalt conversion coating ig formed, thereby

imparting corrogion resistance and paint adhesion

properties to said substrate,

25 5. Ihe process of Claim 4, wherein said cobalt conversion

solution has a temperature of about 68° F. to 150° F.

6. The process of Claim 4, wherein said substrate 1is
contacted with said cobalt conversion solution for a time of
aboutt 3 minutes to 60 minutes.

30 7. A process for forming an oxide film cobalt conversion
coating exhibiting corrosion resistance and paint adhesion
properties on a substrate, wherein said substrate is aluminum

or aluminum alloy, said process comprising the steps of:

- 32 -
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(a) providing an oxide film forming cobalt conversion
solution comprising an agqueous reaction solution
comprising a soluble cobalt-III hexacoordinated
complex, wherein gsaid cobalt-IIT hexacoordinated

5 complex 18 present in the form of Me;[Co (NO,)]
wherein Me 1s one or more selected from the group
consisting of Na, K, and Li and the concentration of
sald cobalt-III hexacoordinated complex is from
about 0.1 mole per gallon of solution to the

10 saturation limit of said cobalt-III hexacoordinated

complex; and

(b) contacting said metal substrate with said solution
for a sufficient amount of time to oxidize the
surface of said substrate, whereby said oxide film

15 cobalt converxsiorn coating is formed, thereby
imparting corrosion resistance and paint adhesion

properties to said substrate.

g . The process of Claim 7, wherein said cobalt conversion

solution has a pH of about 7.0 to 7.2.

20 9 . The process of Claim 7, wherein said cobalt conversion

solution has a temperature of about 68° F. to 150° F.

10. The process of Claim 7, wherein said substrate Ais
contacted with said cobalt conversion solution for a time of

abpout 3 minutes to 60 minutes.

25 1l1. A process for forming an oxide film cobalt conversion
coating exhibiting corrosion resistance and paint adhesion
properties on a sgsubstrate, wherein said substrate is aluminum

or aluminum alloy, said process comprising the steps of:

(2) providing an oxide film forming cobalt conversion
30 solution comprising an aqueous reaction solution
prepared by reacting a cobalt-II salt with an alkali

metal nitrite salt, wherein the concentration of

-33 -

CA 02056159 2000-11-15



11/15/00  13:58 FAX 604 841 4949 BULL HOUSSER doos

sald cobalt-II salt is from about 0.1 moles pex

the cobalt-IT salt employed and the concentration of
sald alkali metal nitrite salt is from about 0.6 to
5 12 moles per gallon of final solution; and

(b) contacting said substrate with said solution for a
sufficient amount of time to oxidize the surface of
said substrate, whereby said oxide film cobalt
conversion coating is formed, thereby imparting

10 corroslion resistance and paint adhesion properties

Lo said substrate.

12. The process of Claim 11, wherein said cobalt-II salt is a
cobalt-ITI salt which has a minimum solubility of about 25
grams per 100 ml of water at 20° C. (68° F.) or a minimum

15 solubility of about 25 grams per 100 ml of water solution
containing a metal nitrite salt at 20° ¢. (68° F.).

13. The process of Claim 11, wherein said cobalt-TT salt is
CoX: wherein X, is one or more gelected form the group

consisting of (NOj),, CI,, (CH;C00), (acetate), SOs, Br,, (CN),,
20 (SCN)ZI and CO,.

14. The process of Claim 11, wherein said metal nitrite salt
15 MeNO. wherein Me is one or more selected from the group
consisting of Na, K, and IL.i.

15. The process of Claim 11, wherein an oxidizer is added to
25 sald cobalt conversion solution to oxidize the cobalt-II ions
in solution to c¢obalt-ITI ions.

16. The process of Claim 15, wherein said oxidizer is

hydrogen peroxide, H,0,.

17. The process of Claim 11, wherein a reaction accelerator
30 1s added to said cobalt conversion solution to accelerate the

formation of said cobalt conversion coating on said substrate.

- 34 .
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18. The process of Claim 17, wherein said reaction
accelerator 1s sgelected from the group congisting of sodium

lodide, Nal and sodium bromide, NaBRr.

19. The process of Claim 11, wherein said cobalt conversion

solution is prepared by a bath makeup sequence comprising:
(a) adding and dissolving said metal nitrite galt;

()  then adding and dissolving a reaction accelerator
selected from the group consisting of sodium 10dide,

NaI, and sodium bromide, NaBr;
(c) Chen adding and dissolving said cobalt-II salt; and
(d) then adding hydrogen peroxide H,0, to the solution.

20. The process of Claim 11, wherein said solution is
prepared by reacting said cobalt-IY salt with said metal
nitrite salt, wherein the molar ratio of sald metal nitrite
salt to cobalt salt is about 6 to 1 to 14 to 1.

21. The process of Claim 11, wherein said cobalt conversion

solution has a pH of about 7.0 to 7.2.

22. The process of Claim 11, wherein said cobalt conversion
solution has a temperature of about 68° F. to 1.50° F.

23. The process of Claim 11, wherein sald substrate is
contacted with said cobalt conversion solution for a time of

about 3 minutes to 60 minutes.

24. The process of Claim 11, comprising the additional step
©f contacting sald coated substrate with an agqueous sealing
solution comprising nickel sulfate, NiSO, 6H,0, ammonium

nitrxate, NH/NO;, and manganese acetate, Mn(CH3;C00),.4H,O.

<>. An article produced by the process of Claim 11.

«35.
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26. A process for forming an oxide film cobalt conversion
coating exhibiting corrogion resistance and paint adhesion
properties on a substrate, wherein said substrate 1s aluminum

or aluminum alloy, said procesgs comprising the steps of:

(a) providing an oxide film forming cobalt conversion
solution comprising an agqueous reaction solution
prepared by reacting cobalt nitrate, Co (NO;) > 6H.0,

with sodium nitrite, NaNO,, wherein the concentration

of said sodium nitrite is from about 227 to 246

grams per gallon of final solution; and

(b) contacting said substrate with said solution for a
sufficlient amount of time to oxidize the surface of
said substrate, whereby said oxide film cobalt
conversion coating is formed, thereby imparting

corrosion resistance and paint adhesgion properties
to said substrate.

27. The process of Claim 26, wherein hydrogen peroxide, H,OQ,,
in the amount of 0.3 to 0.5 moles rer gallon of final solution
18 added to said cobalt conversion solution to oxidize the

cobalt-II ions in solution to cobalt-III ions.

28. The process of Claim 26, wherein sodium iodide, NaI, in

the amount of 83 to 99 grams per gallon of final solution is

(a) adding and dissolving said sodium nitrite;
(L) then adding and dissolving sodium iodide, NaT;
(C¢) then adding and dissolving said cobalt nitrate; and

- 36 -
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(d) then adding sgaid hydrogen peroxide, H,0,, to the
solution.

30. The process of Claim 26, wherein said cobalt conversion
solution has a pH of about 7.0 to 7.2.

> 31. The process of Claim 26, wherein said cobalt conversion

solution has a temperature of about 120° 15° p.

32. The process of Claim 26, wherein said substrate is
contacted with said cobalt conversion solution for a time of

about 15 minutes to 20 minutes.

10 33. The process of Claim 26, comprising the additional step
Oof contacting said coated substrate with an aquedus sealing
solution comprising nickel sulfate, N1SO,4 6H,0, ammonium
nitrate, NH4NO;, and manganese acetate, Mn (CH,COO) » . 4H,0.

34. An article produced by the process of Claim 26.

15 35. A chemical conversion coating solution for producing a
cobalt conversion coating on a metal substrate, said solution
comprising an agueous reaction solution of a soluble cobalt-
IIT hexacoordinated complex, wherein said cobalt-IIT
hexacoordinated complex is present in the form of Me; [Co (NO») ¢]

20 wherein Me is one or more selected from the group consisting
of Na, K, and Li, the concentration of said cobalt-ITIT
hexacoordinated complex being from about 0.1 mole per gallon
of solution to the saturation limit of sald cobalt-ITI
hexacoordinated complex, and wherein said cobalt conversion

25 solution has a pH of about 7.0 and 7.2.

36. A chemical -conversion coating solution for producing a

cobalt conversion coating on a metal substrate, said solution

comprising:

(a) an agueocus reaction solution of a soluble cobalt-IIT
30 hexacoordinated complex, the concentration of said

cobalt-ITII hexanitrite being from about 0.1 mole pexr

-37 -~
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gallion o©of solution to the saturation limit of said
cobalt-III hexanitrite complex, and wherein said

aqueous reaction solution has a pH of about 7.0 to
7.2

5 (b) wherein said agueous reaction solution is prepared
by reacting a cobalt-II salt with a metal nitrate
salt, wherein the concentration of sgsaid cobalt-ITI
salt 1s from about 0.1 moles per gallon of final
golution to the saturation limit of the cobalt-TT

10 salt employed and the concentration of said metal
nitrate salt is from about 0.6 to 12 moles per

gallon of final solution.

37. The solution of Claim 36, wherein said cobalt-II salt is
CoX, wherein X> 1is one or more selected from the group

15 consigting of (NO;),, Cl;, (CHzCOO), (acetate), S04, Bry, (CN)s
(SCN) 2 and CO;.

38. The solution of Claim 36, wherein said metal nitrate salt

1s MeNO, wherein Me i3 one or more selected from the group

consisting of Na, K, and Li.

20 39. The solution of Claim 36, wherein said cobalt conversion

solution is prepared by a bath makeup sequence comprising the
gteps of:

(a) adding and disgsolving said metal nitrite salt;

(b) then adding and dissolving a reaction accelerator

23 selected from the group consisting of sodium lodide,
NaI, and sodium bromide, NaBr:;

(c) then adding and dissolving said cobalt-II salt; and

(d) then adding hydrogen peroxide, H;0>, to the solution.

40. The solution of Claim 36, wherein salid solution i1is

30 prepared by reacting said cobalt-II salt with said metal

-38 -
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nitrite salt, wherein the molar ratio of nitrite salt to

cobalt salt 1s about 6 to 1 to 14 to 1.

41. The solution of Claim 36, wherein an oxidizer 1s added to

sald solution to oxidize the cobalt-II ions to cobalt-IT11

1011S .

42 . The solution of Claim 41, wherein said oxidizer 1s

hydrogen peroxide, H,0;.

43 . The solution of Claim 36, wherein a reaction accelerator
is added to said cobalt conversion solution to accelerate the

formation of said cobalt conversion coating on said substrate.

44 . The solution of Claim 43, wherein said reaction

F

accelerator 1s selected from the group consisting of sodium

iodide, NalI, and sodium bromide, NaBr.

45 . The solution of Claim 36, wherein said solution has a

temperature of about 68° F. to 150° F.

46. A chemical conversion coating solution for producing a
cobalt conversion c¢coating on a substrate, wherein said
substrate 1is aluminum or aluminum alloy, sailid solution

comprising an aqueous reactlion solution of a soluble cobalt-

IT1 hexacoordinated complex, wherein said copalt-IIT

hexacoordinated complex 1s present 1n the form of Me;
(Co (NO,)¢] wherein Me 1is one or more selected from the group
consisting of Na, K, and Li, the concentration of said cobalt-
ITI hexacoordinated complex being from about 0.1 mole per
gallon of solution. to the saturation limit of said cobalt-III

hexacoordinated complex.

47. A chemical conversion coating solution for producing a
cobalt conversion coating on a substrate, wherein said
substrate 1s aluminum or aluminum alloy, sald solution

comprising:

-39 .
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(a) an agueous reaction solution of a soluble cobalt-I1IT

hexanitrite complex, the concentration of said

cobalt-III hexanitrite complex being from about 0.1

mole per gallon of solution to the saturation limit

of said cobalt-III hexanitrite compleXx;

(b) wherein said reaction solution 1s prepared by

reacting a cobalt-II salt with a metal nitrite salt,

- —_—

wherein the concentration of said cobalt-II salt 1is

from about 0.1 moles per gallon of final solution to
the saturation limit of the cobalt-II salt emplovyed

and the concentration of said metal nitrite salt 1s

from about 0.6 to 12 moles per gallon of final

solution.

e

48. The solution of Claim 47, wherein said cobalt-II salt 1is

CoX, wherein X, 1s one or more selected from the group

consisting of (NOs3),, Cl,, (CH;COO), (acetate), 804, Bry, (CN),,
(SCN)z, and CO;.

49. The solution of Claim 47 wherein said metal nitrite salt
is MeNO, wherein Me 1s one or more selected from the group

consisting of Na, K, and Li.

50. The solution of Claim 47 wherein sald cobalt-TII1

hexanitrite complex is present in the form of Me; [Co(NO,;)g]

wherein Me 1s one or more selected from the group consisting

of Na, K, and Li.

51. The solution of Claim 47 wherein said cobalt conversion

solution i1s prepared by a bath makeup seguence comprising the

steps of:
(a) adding and dissolving said metal nitrite salt;
(b) then adding and dissolving a creation accelerator

selected from the group consisting of sodium 10dide,

Nal, and sodium bromide, NaBr;

240 -
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(c) then adding and dissolving said cobalt-II salt; and
(d) then adding hydrogen peroxide, H;0,, to the solution.

52. The solution of CClaim 47 wherein said solution 1s

prepared by reacting said cobalt-II salt with said metal
nitrite salt, wherein the molar ratio of said metal nitrite

salt to cobalt salt 1s about 6 to 1 to 14 to 1;

53. The solution of Claim 47 wherein said solution has a pH

of about 7.0 to 7.2.

54. The solution of Claim 47 wherein said solution has a

temperature of about 68°F. to 150°F.

55. The solution of Claim 47 wherein said cobalt-IIT

hexanitrite complex 1s sodium cobalt-III hexanitrite complex,

said cobalt-II salt 1s cobalt-II nitrate, said metal nitrite

salt 1s sodium nitrite, and said solution has a temperature of

about 120°+5°F.

56. A process for forming an oxide film cobalt conversion
coating exhibiting corrosion resistance and paint adhesion
properties on a substrate, wherein said substrate 1s aluminium

—
=

or aluminium alloy, said process comprising the steps of:

(a) providing an oxide film forming cobalt conversion

solution comprising an agueous reaction solution

prepared by reacting cobalt chloride, CoCl, 6H,0,
with sodium nitrite, NaNO,, wherein the concentration

of said cobalt chloride 1is about 69 grams per gallon

of final solution and the concentration of said

sodium nitrite 18 about 242 grams per gallon of

final solution; and

(b) contacting said substrate with said solution for a

sufficient amount of time to oxidize the surface of

-

said substrate, whereby said oxide

film cobalt

conversion coating 1s formed, thereby imparting

- 41 -
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corrosion resistance and palnt adhesion properties

to said substrate.

57. The process of Claim 56 wherein hydrogen peroxide, H>0,,
in the amount of 0.3 to 0.5 moles per gallon of final solution
is added to said cobalt conversion solution to oxidize the

cobalt-II i1ons in solution to cobalt-III i1ons.

58. The process of Claim 56 wherein sodium 1odide, Nal, 1in

the amount of about 90 grams per gallon of final solution 1is
added to said cobalt conversion solution to accelerate the

formation of said cobalt conversion coating on said substrate.

59. The process of Claim 56 wherein said cobalt conversion

solution is prepared by a bath makeup sequence comprising:
(a) adding and dissolving said sodium nitrite;
(b) then adding and dissolving sodium i1odide, Nal;
(c¢) then adding and dissolving sald cobalt chloride; and

(d) then adding said hydrogen peroxide, H;0,, to the

solution.

60. The process of Claim 56 wherein said cobalt conversion

solution has a pH of about 7.0 to 7.2.

61. The process of Claim 56 wherein said cobalt conversion

solution has a temperature of about 120°%5° F.

62. The process of Claim 56 wherein said substrate 1s
contacted with said cobalt conversion solution for a time of

about 15 minutes to 30 mlinutes.

rv-

63. The process of Claim 56 comprising the additional step of

contacting said coated substrate with an agueous sealing
gsolution comprising nickel sulfate, N1S0, 6H,0, ammonium

nitrate, NHy{NO;, and manganese acetate, Mn (CH,COO),.4H,0.
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4. A process for forming an oxide film cobalt conversion

coating exhibiting corrosion resistance and paint adhesion

properties on a substrate, wherein said substrate is aluminium

or aluminium alloy, said process comprising the steps of:

(a) providing an oxide film forming cobalt conversion
solution comprising an agqueous reaction solution

prepared by reacting cobalt acetate,

Co (CH,CO0),.4H,0, with sodium nitrite, NaNO,, wherein

the concentration of said cobalt acetate 1s about 73

grams per gallon of final solution and the

concentration of said sodium nitrite 1s about 242

"1nal solution; and

[

grams per gallon of

(b) contacting said substrate with said solution for a

sufficient amount of time to oxidize the surface ot
sald substrate, whereby said oxide film cobalt
conversion coating 1s formed, thereby 1mparting
corrosion resistance and paint adhesion properties

to said substrate.

65. The process of Claim 64 wherein hydrogen peroxide, H;0;,
in the amount of 0.3 to 0.5 moles per gallon of final solution

1is added to gaid cobalt conversion sgolution to oxidize the

cobalt-II i1ons 1n solution to cobalt-II1I 1ons.

66. The process of Claim 64 wherein sodium 1odide, Nal, in

.

"inal solution 1s

the amount of about 90 grams per gallon of

added to gaid cobalt conversion solution to accelerate the

formation of said cobalt conversion coating on sald substrate.

g

7. The process of Claim 64 wherein said cobalt conversion

solution 1s prepared by a bath makeup seguence comprising:

(a) adding and dissolving said sodium nitrite;
(b) then adding and dissolving sodium 1odide, Nal;
(c) adding and dissolving said cobalt acetate; and

.43 -
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(d) then adding said hydrogen peroxide, H;0,, to the

solution.

68. The process of Claim 64 wherein said cobalt conversion

solution has a pH of about 7.0 to 7.2.

9. The process of Claim 64 wherein said cobalt conversion

solution has a temperature of about 120°%5°F.

70. The process of Claim 64 wherein saild substrate 1s

contacted with said cobalt conversion solution for a time of

about 15 minutes to 30 minutes.

71. The process of Claim 64 comprising the additional step of

contacting said coated substrate with an aqueous sealing

solution comprising nickel sulfate, N1SOQO, .6H,0, ammornium

nitrate, NH4;NO;, and manganese acetate, Mn (CH;COO),.4H,0.

72. A process for forming an oxide film cobalt conversion
coating exhibiting corrosion resistance and paint adhesion

properties on a substrate, wherein said substrate 1s aluminium

or aluminium alloy, said process comprising the steps of:

(a) providing an oxide film forming cobalt conversion

solution comprising an aqueous reaction solution

comprising a soluble cobalt-III hexanitrite complex,

wherein said cobalt-III hexanitrite complex 1s

present in the form of Me;[Co(NO;)¢] wherein Me 1s

wrrm
p—

one or more selected from the group consisting of

Na, K, and Li, and wherein sald cobalt-TIIT
hexanitrite complex was made by reacting a cobalt-II
salt with an alkali metal nitrite such that the

concentration of said cobalt-III hexanitrite complex

is from about 0.1 mole per gallon of solution to the

saturation 1l1imit of said cobalt-III hexanitrite

complex; and

_ 44 -
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(b) contacting said metal substrate with said solution

time to oxidize the

¢ T

for a sufficient amount o

=

surface of said substrate, whereby said oxide film

cobalt conversion coating 1S formed, thereby
imparting corrosion resistance and paint adhesion

propertles to said substrate.

73. The procegss of Claim 72 wherein said cobalt conversion

solution has a pH of about 7.0 to 7.2.

74. The process of Claim 72 wherein said cobalt conversion

solution has a temperature of about 68°F to 150°F.

75. The process of Claim 72 wherein said substrate 1is
contacted with said cobalt conversion solution for a time of

about 3 minutes to 60 minutes.

76. A process for forming an oxide film cobalt conversion
coatilng exhibiting corrosion resistance and paint adhesion
properties on a substrate, wherein said substrate 1is
aluminium, aluminium alloy, magnesium, magnesium alloy, a Cd

plated substrate, or a Zn plated substrate, said process

comprising the steps of:

(a) providing an oxide film forming cobalt conversion

solution comprising an agueous reaction solution

prepared by reacting a cobalt-II salt with an alkali

metal nitrite salt, wherein the concentration of

said cobalt-II salt 1s from about 0.1 moles per

gallon of final solution to the saturation limit of

the cobalt-I1I salt employed and the concentration of
said alkalili metal nitrite salt is from about 0.6 to
12 moles per gallon of final solution, and wherein

P

sald aqueous reaction solution has a pH of about 7.0

to 7.2; and

(b) contacting said substrate with said solution for a

sufficient amount of time to oxidize the surface of

.45 -
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sald substrate, whereby said oxide fi1lm cobalt

conversion coating 1s formed, thereby 1mparting

corrosion resilistance and paint adhesion properties

to said substrate.

77. The process of Claim 76 wherein said cobalt-II salt 1s a
cobalt-I1 salt which has a minimum solubility of about 25
grams per 100 ml of water at 20°C. (68°F.) or a minimum

-

solubility of about 25 grams per 100 ml of water solution

containing a metal nitrite salt at 20°C. (68°F.).

78. The process of Claim 76 wherein said cobalt-II salt 1is
CoX; wherein X, 1s one or more selected from the group
consisting of (NO3),, Cl,, (CH3COO), (acetate), SO, Br,, (CN),,
(SCN),, and CO;.

-

79. The process of Claim 76 herein said metal nitrite salt 1is

MeNo, wherein Me 1s one or more selected from the group

consisting of Na, K, and Li.

80. The process of Claim 76 wherein an oxidizer is added to

sald cobalt conversion soluticn to oxidize the cobalt-II ions

in solution to cobalt-IIT i1ons.

81. The process of Claim 80 wherein said oxidizer is hydrogen

peroxide, H,0,.

82. The process of Claim 76 wherein a reaction accelerator is
added to said cobalt conversion solution to accelerate the

formation of said cobalt conversion coating on said substrate.

83. The process of Claim 82 wherein said reaction accelerator

1s selected from the group consisting of sodium iodide, NaTl,

and sodium bromide, NaBr.

84. The process of Claim 76 wherein sailid cobalt conversion

solution is prepared by a bath makeup sequence comprising:

(a) adding and dissolving said metal nitrite salt;

- 46 -
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(b) then adding and dissolving a reaction accelerator

selected from the group consisting of sodium 1odide,

Nal, and sodium bromide, NaBr;
(c) then adding and dissolving said cobalt-I1 salt; and
(d) then adding hydrogen peroxide, H;0,, to the solution.

F

85. The process of Claim 76 wherein sald solution 1s prepared

by reacting said cobalt-II salt with said metal nitrite salt,

wherein the molar ratio or said metal nitrite salt to cobalt

salt 1s about 6 to 1 to 14 to 1.

86. The process of Claim 76 wherein said cobalt conversion

solution has a temperature of about 68°F. to 150°F.

87. The process of Claim 76 wherein said substrate 1s
contacted with said cobalt conversion solution for a time of

about 3 minutes to 60 minutes.

88. The process of Claim 76 comprising the additional step of
contacting said coated substrate with an aqueous sealing

solution comprising nickel sulfate, N1SO,.6H;0, ammonium

nitrate, NH4;NO;, and manganesge acetate, Mn (CH;COO);.4H,0.

- 47 -
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