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' NON~CHROﬁMATED OXIDE COATING FOR ALUMINUM SUBSTRATES

Field of the Invention

This environmental-quality invention is in the field of chemical conversion
coatings formed on metal substrates, for example, on aluminum substrates. More

-~ particularly, one aspect of the invention is a new type of oxide coating (which I refer

to as a “cobalt conversion coating") which is chemically formed on metal substrates.
The invention enhances the quality of the environment of mankind by contributing to
the maintenance of air and water quality.
Background of the Invention

In general, chemical conversion coatings are formed chemically by causing the
surface of the metal to be "converted" into a tightly adherent coating, all or part of
which consists of an oxidized form of the substrate metal. Chemical conversion
coatings can provide high corrosion resistance as well as strong bonding affinity for
paint. The industrial application of paint (organic finishes) to metals generally



parZicul arly, one aspect of the invention is a new type of oxide coating
(which I refer 5 to as a "cobalt conversion coating"”) which is

chem cal'ly- fornmed on netal substrates. The invention enhances the
quality of the environnment of mankind by contrlbutlng to t he

mai nt enance of air and water quality.

Background of the Invention I n géneral, chenical conversion
coatings are fornmed chemically by causing the 10 surface of the netal to
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coatings. The chemical solution may be applied by immersion application, by various

types of manual application, or by spray application.
One widely-used chromic acid process for forming chemical conversion
coatings on aluminum substrates is described in various embodiments in
25 Ostrader et al. US Patent 2,796,370 and Ostrader et al. U.S. Patent 2,796,371, in
military process specification MIL-C-5541, and in Boeing Process Specification
BAC 5719. These chromic acid chemical conversion baths contain hexavalent
chromium, fluorides, and cyanides, all of which present significant environmental as
well as health and safety problems. The constituents of a typical chromic acid
30  conversion bath, such as ALODINE 1200, are as follows: CrO3 - "chromic acid”
(hexavalent chromium); NaF - sodium fluoride; KBF4 - potassium tetrafluoroborate;

KoZ1Fg - potassium hexafluorozirconate; K3 Fe(CN)4 potassium ferricyanide; and,
HNOj - nitric acid (for pH control).

Many aluminum structural parts, as well as Cd plated, Zn plated, Zn-Ni plated,

35 and steel parts, throughout the aircraft and aerospace industry are currently being
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coatings. The chem cal solution may be applied by inmersion application, by
vari ous types of manual application, or by spray application.

One wi del y-used chromc acid process for f or ni ng chem cal conversion
coatings on alum num substrates is described in various enbodiments in 25
Ostrader et al. U S. Patent 2,796,370 and Ostrader et al. U S. Patent

2,796,371, in mlitary process specif iation M L-C 5541, and in
Boei ng Process Specification BAC 5719. These chromc acid chem cal
conversion baths contain hexaval ent chromi um fluorides, and
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| nvention conversion sblution 'cBmPASng 8ARGGEEous BfutioR @iy b Ssofubly EQBHSIIS OF
formng a cobal t]-:exav::xlent complex, the concentration to the cobalt-IIT hexavalent complex being
20 from about 0.01 mole per liter of solution to the saturation limit of the cobalt-III
hexavalent 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, aluminum alloy, as well as Cd plated, Zn plated, Zn-Ni plated, and steel.
The cobalt-III hexavalent complex is preferably present in the form of
25  Memp[Co(R)gln, wherein Me is Na, Li, K, Ca, Zn, Mg, or Mn, and wherein m is 2 or
3,nislor2, andRisa carboxylate having 1 to 6 C atoms.
B. In another aspect, the invention is a chemical conversion coating

solution for prodacing a cobalt conversion coating on a metal substrate, the solution

including an aqueous solution containing a soluble cobalt-III hexacarboxylate
30 complex, the concentration of the cobalt-III hexacarboxylate complex being from

about 0.01 mole per liter of solution to the saturation limit of the cobalt-III hexavalent

complex. The cobalt conversion solution may be prepared by a bath makeup

sequence including the steps of: (a) dissolving a soluble cobalt-II salt, preferably

cobalt acetate, and (b) dissolving a metal acetate salt such as sodium, magnesium or
35  calcium acetate to form a conversion coating solution.
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157 conversion coating on a netal substrate, thereby inparting corrosion

resi stance and pai nt adhesi on properties. The invention was devel oped
as a replacenent for the prior art chromc acid process. The process
includes the steps of: (a) providing a cobalt conversi on sol ution

conprising an aqueous sol ution containing a soluble cobalt-I1I

hexaval ent conpl ex, the concentration to thetobal t-111 hexaval ent conpl ex

bei ng 20 from about 0.01 nole per liter of solution to the saturation
limt of the cobalt-I1] hexaval ent conpl ex; and (b) contacting the
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fol |l owi ng formaoshon of t conver
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made. by the inventi OIFJGURE 2 is a photomicrograph at X70,000 magnification of the test panel

of FIGURE 1. The photomicrograph is a top view of the upper surface of oxide
coating 410. FIGURE 2 is a close-up, at higher magnification, of a small area of the
test panel. The white bar is a length of 1 micron.

25 FIGURE 3 is a photomicron at X10,000 magnification of another test panel
showing a side view, from an elevated angle, of a fractured cross section of a cobalt
conversion coating 420 of the invention. The fractured cross section of the aluminum
substrate of the test panel is indicated by reference numeral 422. This test panel was
immersed in the coating bath for 15 minutes. To make the photomicrograph, the test

30  panel was bent and broken off to expose a cross section of oxide coating 420. The
white bar is a length of 1 micron. o

FIGURE 4 is a photomicrograph at X70,000 magnification of the test panel of
FIGURE 3 showing a side view, from an elevated angle, of a fractured cross section
of cobalt conversion coating 420 of the invention. FIGURE 4 is a close-up, at higher

35  magnification, of a small area of the test panel. The aluminum substrate of the test
panel is indicated by reference numeral 422. The white bar is a length of 1 micron.

20
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10# FIGURES 1 through 4 show a cobalt conver si on c-oati'ngs 410 fornmed by a

15 mnute I mrersion in a typical cobalt conversion coating solution
at l140[err]F: The foregoing aspects and nmany of the attendant
advant ages of this invention wi |l becone nore readily appreciated as
t he sane becones better understood by reference to the foll ow ng

det ai | ed description, when taken in conjuncti~on with the 15 acconpanying
drawi ngs, wherein: FIGURE 1 is a photom crograph at X10, 000
magni fi cation of a test panel showi ng a cobalt conversation coating

410 of the invention of omi crQgr top view of .fhe upper
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Detailed Descriptiondgf,t ngnﬁﬁee&?nruﬁlsgs RodRe %Jge&toduced with a number of reactants,
20 i.e., Co(NO3) 6H0, CoClys 6H20, NH4NO3, NH4Cl and NH4OH. The resuitant

coatings formed on aluminum substrates were found to have substantially improved

corrosion resistant over the simple salt immersion described earlier. A review of

cobalt complexing chemistry yielded the following information:
When a stream of air is drawn for several hours through a solution of cobalt-II
25  salt, containing ammonium hydroxide, the corresponding ammonium salt and
activated charcoél, then hexammine salts are obtained:

4 Co X3 + 4 NH4X + 20 NH3 + Oy ——> 4[Co(NH3)g] X3 + water, €y

wherein X = C|, Br, NO3, CN, SCN, POy4, SO4, CoH309, and CO3.
In the absence of activated charcoal, replacement will occur to give:

30 [Co(NH3)s XJ?* )
These generic reactions are based on the fact that cobalt-II salts have a very strong
tendency to oxidize to cobalt-III complexes, i.e.,

[CoNH3)s X]?* = [Co(NH3)s X]3* +e- 3)
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Thes present invention relates to a new cobalt conversion coating. The
cobal t 5 conversion coating can be nmade so resistant to corrosion that

t he conventi onal sealing step is no longer required. This result is
achi eved by adding netal fluorides and wetting agents such as al kyl
fluorides and fluorocarbons to the conversion coating solution. It

is believed that the conbination of thé wetténg agents and the netal
fluorides inpart a small etch effect on the al um num substrate surface
which is 10 believed to aid in the coating formation.

By
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nor pai nt adhesi on. This oxidizing tendefiop s ¢onsideted ¢o dempsmnsiblevior ¢he formation of
produced with adﬁgg) k. & Qs | LEWele ma@dhugr
CoClf[err]* 6H err Oﬁmoéenrélr@gr{r‘%! 1trﬁgi.egaﬁxcfor§%g%errr rC?Ii—ll._T eﬁ"%%gfj ltl}famt
coatings forned viasahetallavwinegsh alanceiheldoWiound to have substantially
| mpr oved corrosion resistant over the sinple salt imrersion described

earlier. A ngview of 4CcoMNOHERO .pqrﬂvlilegg@gg. FWALOH ¥ o¥ygehded § he

foll owi ng information: - streamof ait is drawn for

several hours through a solution of bal 1 - S cont ai ni ng

anmoni um hydr oxi de, the correspondf*ﬁé°&éﬂ6h Q§53)§a1' ?ﬂilbnd "~ activateff)

charcoal , then Theamtonturs altiase @ mueedotot preveatlinitial precipitation of thd réaotioh erodhcts. 4

NH err] X + 20 N rl .+ Qlerr : errl)6 | a5 'Seri

(0 Y cherdislty Is eggensiygly el Yoot opthhe L soANG! Serip

C[ err] H err] O[ eR¥o 074578,880 fded May 17, 1990, h t he absence of acti vated

Elggz &ac[’:ﬂ : ]Y;Qfﬂ acenentAniktdmifation: oft Geitiéf (4) AfVealed however, that _I\_z;;hile well defined
err erk rrl,. . se generi.c

eact | o ar o birdeSah cfdrines avid pr formed op plumnugy fthirics,an SOERCRBRYS

tendency to oxi dlez&H4OHR waalrequited to dripé thiessaciione. As a consequence, it is difficult to

E %)( NH{ err]) [ er bneedilehE bH of the b2 S & frle)figh elap8tdtih thtes bofnithddia from the

solution. Furthermore, the amount of excess ammonia in the bath had a pronounced
20 effect on the paint adhesion and corrosion resistance characteristics of coatings

formed by this method. Paint adhesion and corrosion performance ranged from
superb to complete failure, depending on the amount of ammonia in the bath.
A major advancement of this technology was achieved when a change in the
portion of the complex that includes the ligand (the bracketed portion of formula (6))
25  within the cobalt complex was attempted. The development of the ammoniated cobalt
complexes as described under reactions (1)through (4) established the bath
chemistries as 3 valent cobalt amine complexes, i.e.,

[Co(NH3)6]X3 (5)
wherein X = Cl, Br, NO3, CN, SCN, PO4, SO4, C2H309, CO3, and wherein the
30  portion of the complex that includes the ligand is positively charged, i.e.,

[Co(NH3)6]3+ (6)

With the substitution of nitrite compounds for the ammonium compounds the
formation of 3-valent cobalt complexes such as



- 6-¢ These reactions are not new and have been studied extensively.

Cobal t-111 conpl exes are typically nmade in the photo devel opnent
industry as oxidizers to enhance clarity of col or phot ography. Wat
is surprising, however, is that cobalt conpl exes are capabl e of

form ng oxide structures on al um num substrates.. The exact reaction 5
mechani smof this oxide formation is not conpl etely understood, but is

believed to function on the chemi cal equilibriumin Equation (3).
This oxidizing tendency is considered to be responsible for the formation
of oxide filnms on alum num substrates. Bath fornul ations were nade
up successfully usi ng t AdeslEpMNRs chabersin Mt NaddsKbel ow. 10 (7)
4 Co(NO[err]) [ erihs Béficed Mhete the okt dfved eéxﬁ;hex“ 10 indl s il Nigand GX MERbively
[err] 4 [Co(NH err])[err]

(N err])[err] +°}ﬁ[‘%ﬁdr]'®’ (4) The ammoniumnitrate

is used to prevent initial precipitation of the reaction products.
Thi s chem st ry i s extensively reviewed i fQu{NOp)gIdpendi ng appl i cati on (8)
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of the ammoni ated cobcgessiul f°““El§H?J‘TSe‘X‘é’§ figallyymads WBEG*‘%‘HHQ?“‘?"@&(SF |36‘|’4§t°§ Ly
t hrough (4) IGSt&thﬁbﬂﬁleké%%uHﬁw chem stries as 3 val ent cobalt am ne

conpl exes, i.e.
wherein X = d, E’g),

[Co(NH[err])[err]]X[err]

NJerr], CN, SCN, Po[err], sderr], qM“ﬁf@fﬁ(&ﬁ%@él] cerr], and
wherein the 30 wheoe theqmrtndn ofthe ccomplerexha:thmludenchejlimdtlklelsb|tggatd/elyscharged

positively charged, i.e.,

LTI comounds ror g i hmsomeuns
substitution of nitrite conmpounds for conpounds e

formation of 3-val ent cobalt conpl exes Qf%ﬁngog rp (10)

20 Coatings formed by this method are strongly colored, similar to prior chromated
coatings in appearance. Coating weights in excess of 350 mg/ft2 can be achieved.
Nitrates such as NaNO3, Mg(INO3)5* 6H7O or Ca(NO3)q+ 6HoO were added to this
formulation to aid in coating firmness at higher coating weight thus avoiding powdery
loose deposits.

25  As a result of this research, two bath formulations that resulted in a clear coating and
a colored coating were selected for further testing. The following two equations
below establish the chemistries for the clear and colored cobalt conversion coatings.

Clear Coat:
Co(NO3)72 * 6Hp0 + 6NaNO7 + 1/2H;09 —

30 Na3[Co(NO3)g] + 2NaNO3 + 2NaOH (11)



-7 Me[err][Co(NO[err])[err]], wherein Me

= Na, Li, K (7) was achi eved where the portion of the
conpl ex that ‘includes the ligand is negatively charged, i.e.,
[Co(NO[err])[err] J[err] (8) 5 Thi s

nitrite conplexed chemstry was found to be conpletely self controlling
with a stable pHin the region 6.8 to 7.2. PR& nt adhesion performance was

al so found to be substantially superior to prior chromated fil ns.
This chem stry is extensively di scussed in ny prior copending
application Serial No.; 27/ Eéli 132. Two pronounced characteristics
of conversion filns f this nitrite technol ogy was the al nost 10

clear (very light iridescence) surface appearance and the coating film

wei ghts whi ch We(l¥0B)om 6120 at6CH CRONHyel2ZH Qg xPnum  These two
limtations led to further research work to investi-gate the
feasibility of obtaining coati ngg 15 240! +2§H~§1N0 r}m?@' ijabl e 2)
col or indi catlonvﬁlon%vvlth h| dj% iﬁfﬁaf:@?g e 8 of 9l
mo/fiferr]. en cdatings aeg, praduiced Y P Al (12) & are-seplpd, slBreaupritly

t he introduct$ Onlrwpeaﬁleﬁaﬁhﬁmeﬂ@oﬁ;ﬁonst ap 1o d40rhdwrs ef saltispraygorrosion resistance are
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negativel y char g@gcussed m my pnq; copendmg application Serial No. 0q7 1132,5

LCO 5 ﬁ[ err] !{"Le(rjr 10[ errihd Etrsédrl:}[ l@dﬂfa}\ces described up to this pdit 1rﬁ1@lve c@ﬁﬁérkxﬂﬂ Tohtitigged
i s metho r.on col ore or ,chr
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coating fi rnness at % t hus avor d q%
deposits. 25  ptheRathdidepf sofistianp, u@lmlag@amewumt%awa&'w 'éﬁfﬁmf&tlieor%‘ the grder
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el ow est.abli sh
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Cl ear Coat: 15 and coating performance improvements in accordance with the present invention, as
discussed in further detail below. _ '

During testing of the ammonium acetate complexed cobalt solution

(Equation (12)), it was noticed that after several weeks of normal tank operation the

coating weights on aluminum substrates would gradually drop off and the color

20 intensity would become lighter. In order to compensate for this, ever increasing

immersion times were required. It was also noticed that a gradual solution

appearance change would occur over time, from a dark brown to wine red color.

Analysis finally established that a competing reaction was taking place over time,

where the acetate in the complex

25 [Co(C2H302)6]% (13)
would gradually Be replaced by an ammonia to form the complex

[CoNH3)6P* (14)
Notice the valence change in these bracketed ionic species.
In an effort to solve this problem it was discovered, in accordance with the

30 present invention, that the substitution of a metal acetate such as
Na(CoH307) « 3H,0, Mg(C9H307), * 4H30, or Ca(CoH3049) * HyO for the
NH4(CoH303) in Equation (12) would eliminate the above competing reactions
described in conjunction with complexes (13) and (14), and result in the same strong
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Co(NO[err])[err] * 6H err]0 + 6NaN(O err] + 1/2H err]0 [err] 30
Na[err][Co(NO[err]) [err]] + 2NaNg err] + 2NaOH (11)
Col ored Coat: Co(NgJ err])[err] [err] 6Herr]0 +
6CH err] COONH err] 1/2H err]O[err] [err]
Na[err][Co(CJerr]Herr]O[err])[err]] + 2NH err]NJerr] + NH err] OH

(12) When coatings are produced by egdations (11) -and (12) and are
seal ed subsequently 5 in special formulated solutions, up to 140 hours
of salt spray corrosion resistance are obt ai ned when tested in

accordance with ASTM B 117. Thjs c¢henistry.is extensjvel . di scussed
in my prior copeﬁiﬁ"ﬁg caﬁﬁ!ﬂﬁs@étt*‘%ﬂ'%@g}aﬁim Im @egtats 5o ?‘! Sodium acetafe 15 ¢ %he
][es ea;I c][I advaECeﬁloﬁeﬁr@feH&&?nﬂﬂ ¢aPbdxplate. pOthdr metabtarboxytaesesuchoas zingt lithigm,
or e romthe reaction 2-val e C I C .
Co(NO[err])[err] lf‘gﬁﬂ““hﬁt“ r?‘?ﬁg " hacg%be Q‘E%‘ﬁ—lﬁﬁér# a%gt&t?efe“Ed' The typical
(CH[ err] COONH ermepgtians afeor m a 3-val ent cobalt conpl ex. The 'resul tant
coatings are of superb quality with regard to defined performance criteria;

however, 5 the bath |ifecefCapioy, ons,0l+ 8 Md(CIH3OAY¢ 4HHOCcet ate are
rather short, i.e., on the or of .30 4 . esire to
i ond Chis bat ol o et MEIBGEROF o MERG S aalaial: + 21EE | ot wad!d)

just recently conpleted. This work has now progressed to overall process
15 and coating performance inprovenents in accordance with the present

i nvention, as di scussedd(0HyDHhHerdH #@i3Cal@)Hiy07); « HyO
During testing of the amuonium age e_conpl exed _.c t . S0l utj
(Equation (12)), it was n3'tl*zc(g]zj+§'@iép¥er 3e§%ﬁ-gp8ms)éh %gﬁﬁ%? t ank (16)
operation the coating. weights on al um num substrates woul d gradually

drop off and the color 20 N ntensity would beconme lighter. In order to
conpensate for this, ever inciGedSyiig0r); « 4HOBNa{@HOes3HgD e requi red.

It was al so noticed that radu olution a C e woul
occur over tl:arre, froma d'grl%cgr"'b%qléb W ne’N@G[%FgﬁgBZSGE}Q' ﬁAﬁgﬁ; S (97)
finally established that a conpeting reaction was taking place over tineg,
where the acetate in These ceantidrexare carried out by bubbling air through the solution without

the use of hydrogen peroxide. The acetic acid is not added as a reactant, but is
formed in solution as part of the complex chemical reaction. The resultant conversion
coatings are further improved in corrosion resistance over those conversion coating
15  solutions produced by the reactions of Equations (11) and (12) when subjected to salt
spray testing per ASTM B117. In the broader context, it has been found that a cobalt
conversion coating having superior performance characteristics can be produced by
reacting a soluble cobalt salt with a metal carboxylate in accordance with the

following general formula

20 . Soluble Cobalt Salt + Me(R),,—>Mepn[Co®R)¢l, (18)
wherein x canbe 1 or 2, mis 3, nis 1 or 2, Me is selected from the group consisting
of Na, Li, K, Ca, Zn, Mg, and Mn, and wherein R is a carboxylate having from 1 to 5
carbon (C) atoms, provided the carboxylates are soluble in the reaction solution.
Metal fluorides such as MgFy and CaF9 and wetting agents such as water
25  soluble alkyl-fluorides and fluorocarbons can also be added in very small quantities to
these solutions (TablesIIl and IV) to improve corrosion protection and
manufacturing ease. In particular alkyl fluoride wetting agents such as MSP-ST alkyl
fluoride by M&T Harshaw, Cleveland, Ohio, and fluorocarbons FC99 or FC95
wetting agents by 3M Company, St. Paul, Minnesota, have been successfully used.
30  The presence of the fluorinated wetting agents, metal fluorides, or mixtures thereof
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[Co(CJerr]Herr]O[err])[err]][err] (13)

woul d gradually be replaced by an anmonia to formthe conpl ex
[Co(NH[err])[err]] [err] (14) Notice the

val ence change in these bracketed ionic species. In an effort

to solve this problemit was di scovered, i n-4@cordance with the 30
present invention, that the substitution of a nmetal acetate such
as Na(Clerr]H err]O[err]) [err] 3Herr]0, My(Cerr]Herr]O[err])[err]

e T R LSk S Mo ik L s s
conpeting reacti @ndmg of thesclemer&mlcmahngson jauecondany sealtstepds np lenges requigyd. ald
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My(Cl err] H err] OBAC Y% r'Chrdreated Confession Coatings. g The single step conversion coating

r2HC err] H err] Olgs fikided jd égcéis JY3k6 hbhrs G2 64 §rky HsBtahtEbétbrel sho@ing drlySignl of

21H
Co(E:[e(r'-:;]r] H err] OFB‘FP-_T‘?‘]! tl"]g [err] 4H err]0 + 3Ca(Cerr] H[err]O[err] Y[err]
[err] Herr]@ It became apparent duriigesPefinedtation? Witheforthilatsns|(Q6)5(17) and

(e e [C‘eﬁéi[ti?{trJeHLﬁrﬂala%e?&E Lg[ﬁ{clﬂ Wik Flspse 38 Hofi (HAP up, hemistry and

4H err] 0 + 3Na( Ceensistencrpf f@{tx@g performaned. Thepeparpmetensowere found to be bathimakeup

1/40[err] + HC ednd Hir6édss Os[eQﬁén]:e [ edattand\AERELidn @Rd Cﬂaeﬁ rddrkétratidher tempefitiire]
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conversi on
condition in order to achieve optimum results in accordance with the present

l'D

invention.
Reactant Selection and Solution Concentrations
20 The most critical parameters affecting performance of conversion coatings

with respect to paint adhesion and corrosion resistance were found to be selection of

the reactants and their concentrations in solution. It was found that coating

performance was affected foremost by these factors rather than bath temperature or

immersion time, although temperature and immersion time do impart their effects over
25 larger variations of these parameters.

It is known that with respect to surface treatments of aluminum, paint
adhesion and corrosion resistance are divergent properties. In other words,
maximizing paint adhesion usually occurs at the expense of corrosion performance
and vice-versa. This surface treatment behavior was also found to exist with cobalt

30 conversion coatings. The research carried out and described in this and the
aforementioned prior copending applications has established a preferential list with
regard to the various cobalt compounds and their corrosion resistance effectiveness

versus paint adhesion.
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coatings are further inproved in corrosion resistance over those conversion
coating 15 sol utions produced by the reactions of Equations (11) and (12)

when subjected to salt spray testing per ASTM B 117. In the broader
context, it has been found that a cobalt conversi on coating having
superior performance characteristics can be produced by reacting a
soluble cobalt salt with a netal carboxyl at-€¢14 n accordance with the
foll owi ng general fornula 20 Sol ubl e Cobalt Salt +
Me(R)[err][err] Me[err](Co(R[err]][err] (18) wherein x
can be 1 or 2, mis 3, nis 1 or 2, Me is selected fromthe group

consi sting . of Na, Li, RABEEI-AerfoggancgRating of Gabal ein Ris a

carboxyl ate having from1 to 5 Using Metdl 'Avefatds@r @b@pRxingr ovi ded t he

carboxyl ates are Sorubl,€ Tn the reactron_sol a1 on. . . Vet al
f1uorides such as_lng[_QEE}’E’E&&-QaFQ areRTsion, ’*‘35’5‘%33?‘.’:5 &%@@ei%? et 25
sol ubl e al kyl - f |Qubailt destasere Md Aesttear bons cah al so be added Bn very snal |l

quantities tg &obalt&\ﬂﬁ%@ +Sﬂ£lAtci5&&3 (Tables kIl and I'V) to igprove

corrosion protection a manuf acturing_ease. In particul ar al kyl
fluoride wettindobgltSubfateddvie &setapr- ST al kyl 2 fluoride fy M&T Har shaw,
C evel and, Oni o,cqaal Chid#ae aoe ReeGtdC99 or FL£95 wetting agents by, 3M
Conpany, St. Payl ——MTNesora, _nave been SUCCESSTulTy used. 30 The
presence of the P | TR ‘(A‘éf’@i“ﬁg agents, metal fluorides, or nixtures

t her eof It can be seen from TableI that the cobalt acetate formulations -preséd-the best
rai se the ceproghanpehiBIARNC GitheGlecd to BRULIbAM SRR e Wirtiffle ood
degree that . seal'ing of these ‘conversion coatings In a secon gr seal
step i s no | ong@pint @ghesiangperfarmance. It shoyld b potgdy however, Bt (B Gases where

-

fluorinated wet torm@siépétforiancdds Aond fAcinetitrags bt eittids yield the bastrpaint adhie’ivai on
into the range of .30 to 40 dynes r..cent | C is usable. 5
Sol uti ons oper aP%'é"’g?"‘a%é‘si ’Fég“%‘@?%v‘(}’ ‘§“| t@%%mgéglg F%é%lg?%g{a& ass a 168 hours
salt spray coCobslt anetateisithe mog @refeiredsalisble cotalicdld saltin@thenimater Bolebleg
Process Spegs fi gafaioq ARG CoS T COTH. REbPPI RO, 0 Phap Wt dubSiRuted The
single step cong?rastg%rss é%cz;‘tﬁ'srbg Az ;hzggb?(i ?ﬁ%ed inexcess _3?2’%46‘ f‘gtres of
salt spray resi Qr&RBat Bestasr. P gerRat Prefryed fgring reasons illustrated, igckable I Thesag.
10 It bshaineitanpedprebiabiguedcrg wixip sslubie niesd icarboxylhtes havingifrain bos 5
(16), (17) and 18) . ha ' r r L gake WM [ ect
to both nmake- up?ar%%rb?ﬁgg’g’r 35&’3?1%!‘ '%g{al ?a'ltg 8gg§?§?§%@yﬁ%&°§t&% flie#a.&pg P&S%‘ﬁ%’ﬂ’iég
These par anet er sltoof €af Mgndnd Dalsee praferredntishy the Na carboxylate being most preferred,

20 while Zn, Li, K, and Mn may also be used. The limitations on using carboxylates
other than the acetates is water solubility. Other carboxylates that will work are for
example sodium propionate. The minimum solubility needed to produce an effective
coating is about 0.01 moles of cobalt-II salt per liter of water at 20°C. (68°F). The

salts may be used up to their solubility limits.

25 Although not required, fluorinated wetting agents may be added to the bath as
discussed above. When these wetting agents are employed, a conversion coating is
created that does not need to be subjected to a conventional sealing step in order to
exhibit satisfactory corrosion resistance.

Chemical Concentration, pH Control, Temperature, and Immersion Time

30 With respect to chemical concentrations, the concentration of dissolved
cobalt-II salt used may be from about 0.01 mole per liter of final solution up to the
solubility limit of the cobalt-II salt employed at 20°C (68°F). Preferably, the
concentration of dissolved cobalt-II salt used may be from about 0.04 mole per liter of
final solution up to 0.15 mole per liter of final solution.

35 - The concentration of the cobalt-III hexcarboxylate coordination complex may
be from about 0.01 mole per liter of final solution up to the solubility limit of the
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and process sequence, reactant selection and bath concentrations,

t enperat ure control, and imersion tinmes. It nust also be enphasized
that the reaction system 15 created is very conplex and invol ves several
si mul taneous reversible reactions. It is believed that the entire
reaction system nust be present at or near an equilibrium condi tion
in order to achieve optinumresults in accor@ance wth the present

i nvent i on. React ant Sel ection and Sol ution Concentrations 20

The nost critical paraneters affecting performance of conversion coatings
w th respect to paint adhesion and corrosion resistance were found to be
sel ection of cobalthBl r hexcarhoxyatan dodrdimatiorc ocarapiex atinployed.n sBraferably, thet
was found that C@@ﬂdeﬁgqft}]ont of tHCLhRA-TR He&cBScyRld 265:athatioh %B%Iexlbh‘xﬁor%ﬁ@om

factors rather than enperature or_ | mrersion tjne, ug
tenperature and AbaHOG4gnole peeiiteroofifinplsofution ap to Orldnels pex/ier offinal solptin:
;/ar I at :c ons ?f t [195 et pd‘h?ﬁ&?&h@aﬁon of dis_sol;/ed metal Eaigﬁxﬁit@}ﬂﬂ'efdﬁﬂﬂy Wirhdtall RBQES
o surface trgatnents al.u i . 0 corg osi
resi stance are df'\%rb&ﬁ mp?b(?gtnr'btq‘]’]egisl‘ﬂ"lﬁs( RE h&&og?map Sgﬂg"?rax# rﬁ?ef% the
pai nt adhesi on usersehtyativncfidissalved metabrpbogdate iseiomey e dronp abdus 0dinmele per
and vice-versa. {ifa} 8f Sihl §@GSor (PRI0ERbIIRP et B ANk Solatie® found to exist ..
with cobalt 30 conv&{,ﬁl on (ioatl ngs. he r.ese r@{é ﬁarr.l ge{d oug.and ts i
described in this and{i§B employeds flie, opcenfation pﬂ%i Horiktidh & S8 1285 dhis
has established preferaifie sefficieat td held salution surface tgsiou betwedne3d 40 i4Sudyres lpat t
conpounds angh t hgd.g: rQs) r gl | | it
dheoron fb &ni.nf;&rr.aqszo@@. Ghe %@@oﬁﬁéﬁ?ﬁbﬂf%@&aﬁz _ e!?? reﬁgﬁcfé a
Rati ng of Cobal tceggfatEation from O to solubility limit. It is to be undggqqqg that: the flnoanated s

for Conpl exing wetting agents, metal SQHURKEBE mixtures theredBOre0Rb0 RedRirellS bt Ge

ga' ng Adggz:,if)? Wrgfe&eg.mé Kz'éegti%éta%g%mg al\r/l% rﬁ‘gtglt g&grides are not useld, the con\_cLersion

Cobal t Sul f at e +cagtingowistibesubjected to a sealing step to achieve high corrogion resistanago By t

ghl ?r i 23 + M3 f\cl%r%t e wetting agent§ and fluorides, the sealing step 8an be elimindt@d, 'th&s making
est, = Wors

the use of the present invention even more economical.

The pH of the bath may be from about 5.0 to 9.0 with 6.0 to 7.5 being
preferred and 6.5 being most preferred. The temperature of the bath may be from
about 68°F to 160°F. Above 160°F, grfédual decomposition of the cobalt-IIT
20  hexcarboxylate complex may occur. The optimum temperature is 140 £ 5°F. The
immersion time may be from about 3 minutes to 60 minutes, more preferably from §
to 30 minutes. When sodium acetate is employed, the immersion time can be reduced
to S to 8 minutes. Use of these parameters will result in coating weights ranging for
example from 20 to 240 mg/f2.

25  Preferred Bath P_regaration Sequence

The following bath make up sequence is preferred for the acetate complexed
cobalt solution:
L. Astainless steel tank is equipped with air agitation and temperature
control equipment capable of controlling temperature within +5°F.
30 (The tank may be lined with an inert material capable of withstanding
150°F continuous operation.)
2, The tank is filled to 3/4-full with deionized water and heated to 120°F.
Air agitation is commenced to achieve a gentle boil.
3. The applicable amount of metal acetate salt is now added and
35 dissolved. For larger tanks a fine meshed holding basked will serve as
a holding device aiding in the dissolution of the material.



It scan be seen fromTable |I that the cobalt acetate fornul ati ons present
the best 10 possi bl e conbination with respect to corrosion resistance
whi | e mai ntai-ni ng good pai nt adhesi on performance. It should be

not ed, however, that in cases where corrosion performance is not a
factor, nitrates or nitrites yield the best paint adhesion

performance that is achievable with these ceb3l t- conpl exed salts.

Cobalt acetate is the nost preferred soluble cobalt-11 salt. O her water
soluble 15 cobalt salts such as Co(N(Jerr]) [err], CoSOerr], CoCl[err],

CoPJ err], CoCJer], y be,.substiiuted for cabal t etate,. byt ar
not preferred for therﬂ?easg‘;ﬁ aippqug»élpragfogg}t chglb:?gtl I‘?ﬁﬁeﬂe@ge’& anéaﬂlsg%%eﬁltg
salts are preferably react gdntld dihbailodfithé tankwsolation &rhairsainet fer dnathien four thonsl

to 5 carbon atons, al} gk a?ﬁ‘lili ' [ dﬁmé
preferred. The carboxyl ateal g%g{asﬁg‘gl‘?o ] érﬁ?&t@%ﬁg‘b&é étr‘ghg{e err%eé,may
with the Na carboxyl ate beialsg bpysed tpaidiadissefution  while zh, Li, K and M
may al so be used. The limtations on using carboxyl ates ot her than

the acetates ps water 550l ulTheisbhtiofishow hedtédiy 140 Fsaridehie reqitedvwniall aatornfsor

exanpl e sodi um propi onat e. Hiniim. LIt e Ko

ef fective coating i soggg rf J. &&ﬁé@%%} °c9§8§‘?'t %Ida%%@[ %&@ﬁ?‘?‘gdr fcgf
water at 20[err][C. (68F). andditional twashgurs, Fs/tapk isrpyireagdy fos oppatien.
solubility |'imtPrefdfed Overall ProcefMn cgot required, fluoripated wetting
agents may be added tq,the _bath as .di scussed ahove. \Wen tgel?e .
Wetting agents are erP6YERETS] QSR rosesTPEBaPsS may be summagzell astliqws

does not need0to be subj ecPestleam a conventional sealing step in order to

exhi bit satisfactory gorrogirQR.iERLSL ance. Chemi cal Concentration pH
Control Tenperature —and Tmmersion Tine 30 Wth respect to
chenical concentratiofs, tA&kalighEleatration of dissol ved cobalt-I11 salt
used may befrom abouy, 0. ORing®kERGSH Tempean@é final solution up to the
solubility imt of the cohalt.-l|l salt enployed at 20[err]C (68[err]F).
Preferably, the oncelEPH0#ENn of di ssol ved cobalt-11 salt used may be

from about 0184 nol e fper | Rinse atdkoom Temperatre sol uti on up to 0.15 nol e per

liter of final solutien. 3psm Oxide Convetiibn €8B&GLration of the cobalt-I11
hexcar boxyl at e coordi pati on, co be from about 0.01 nol e per

ml ex na
liter of final soluti®n upR{”ée?‘r&p%'lrﬁ%P?’PWI imt of the
-12- cobalt-9I1 hbxecarboxyl ate coordi nati on conplex enployed.

Preferably, the co o NG tHQbdcP o The WbSvE BRALLS Fibl cifaggar boxyl ate

coordi nation co - o
20 The cobalt conversion coating should be applied after ail trimming and

fabrication have been completed. Parts, where 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
25 is a 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
30  the next solution in the sequence. Parts should be processed from one step to the
next without delay and without allowing the parts to dry. When it is necessary to
handle wet parts, clean latex rubber gloves should be worn. 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
35  necessary for adequate mechanical support.



abaout 0.04 nole per liter of final solution up to 0.15 nole per liter of

final solution. The concentration of dissolved netal
carboxyl ate, -preferably a netal acetate, 5 may be from about 0.03 to
2.5 noles per liter of final solution. Preferably, the concentration

of dissolved netal carboxylate used may be from about 0.05 nole per

liter of final solution up to 0.2 nole per Li4.er of final solution.

When enpl oyed, the concentration of the fluorinated wetting agents is
preferably sufficient to hold solution surface tension between 30 to 40
dynes per 10 centinmeter at 20[err]C. The netal fluorides, MyF[err] and
CaF[err], may beEMEnt in a concentration fromO to solubility
limt. It is to be undrpst Qiéérehiba&na?h@e fletformdttie iccordance wetht Boging OPricess

metal fluorides, Qr .@i xtur eof, are not _regqui.r t €xna:
preferred. |f tﬁgeﬂﬁaf@ﬂgﬁégkegr@g ar?dnurlr%?rélél ug‘riaﬁ‘giid%‘% .‘r’i’g ‘38%}8% ?ﬁ)gess
conversi on .Specificating BASS768, onbjabeenbcrlean i geearfiangeswith Beoeing hPwogess
hi gh corrosiog r sge&ﬁ@dﬂsePA@}'svsbﬁfpartsSawgma@%r\myt ipafs 39Apen &Ythef JurREdsdRsS .
the sealing step tan he el|m ngted, t.hus™ makKi ng, ) tRe %g.of thg_
present inventi ofPeesdedpmtswhers splutipn entrapment’is possible-p %Ulg dnmersed i, cold
nmay be from aboutwafer Qortif h8t shdvdoldwhtef) o2 rirutdseifiegprecleaningr ef erred and 6..5

bei ng nost pref eﬁae?. &I’Eg !tenperature of the bath nmay be from about

68[err]F to 160[ - ve 160[err]F, gradual deconposition of the
cobalt-111 20  hexcadpess yhishedocantsequire pabalbeanyersioniroatingsi showi be masked with
is 140 5[erridg. MHaskants, Disﬁmmsétaﬁhs&w@xe%y chRnfiuR RickeP bf cobalfiaby 65plhengd0
m nut es, nore pr rabl¥. fror? 5 to 30 m gutles. @gn sodium ac t‘%ig is
enpl oyed, the i » G titanI)and 198-3lupinwa Foated plasa fame, sprayqd afeq should e ¢
t hese par anet er smatked offe Rafts arerthemmtkaugn heldiizttasketsion mgurited on holdingdixurps. e
from20 to 240 }JafixL éfel 25 Preferred Bath Preparation Sequence

The foll ow ng b%r‘rmie-’u%. sequence is preferred for the acetate conpl exed
cobalt sol ution: Alkaline cleanjand rinsexmay be peréasmed irpaqcordange wigh ammgcw th
air agitatiofy anshdcHERESPBAES749, except for pasts with opeaCBYihg lsufEties RIRPSt walap! e
of controlling t.e%?r.a%% Wi t hl.nm[gerrké ) ?0 . . gT e, tankh
may be |ined wi tRNEh iR feyich FRse.rnsinB hopinheioniat Jrashif ey using agitation wit
150[ err] F cont i nmoitipledperessioran(a)minimum of four time2) followeH ébyt martual spréy kihgiolg 8o
3/4-full with deioni o 120[err]F.

Air agitation i ?e@@@%g‘g@eﬁ%soggﬁpgggﬁpggeé%m | e boil. 3. The
appl i cabl e anpbureaxidizeet al acetate salt is now added and 35

di ssol ved. Bor |argerpécxitige and HiR B BEpelBILd T RadlREcWith BEENE PaScess

a holding devi CeSp%lcx cation I?A(t: @969 Iexscselg)tI ft i:ac}'ps v%erg Q&ut@r{ gr{txl'a%lﬂent is possible, which
parts may be rinsed using the method described above under "Alkaline Cleaning”.
Castings may be deoxidized by either of the follovﬁng methods:

a. Deoxidize in accordance with Boeing Process Specification
25 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.
A specific solution formulation within the scope of the invention is as set forth
in TABLE II, below.



-13- - 4. The applicabl e amount of cobalt salt is then

added and di ssol ved. A gentl e ai r boil of the tank
solution is maintained for another four hours ~at which
time the reaction is nostly conpleted. A holding basket nmay

al so be used to aid in dissolution. 5 5. The solution is now
heated to 140[err]F and the required snall Arount s of

fluorinated wetting agent are added. Air agitation is naintained for
an additional two hours. The tank is now ready for operation.

Preferred Overall Processing SeqUEABEE II Preferred SolutionFemilatibgr red overal |
processi ng sequence may be summarized as follows: 10 1.

Pr ec| ean 2. l\/bcl/ Qnrl Dﬁf‘ll 3 J\I I/ql l Re

Cl ean 4. Comﬂ&xaﬁb at RoomMsicanp Pai Uiter Control Range

Deoxi di ze 15 . R nse at Room Tenperature : 1.

Form Oxi de Conver g Rinse at Rggn erature
9. Dry 5 %O%Qt%ﬁt)ké;s Wth Respect # fRe Above Pr ogg?gggﬁw Charts
20 The &sX&pH3O)pr@A2Q on coating shoul d be applied after all
trimm ng and fabrication have been conpleted. Parts, where solution
ent r apment IS posm@ﬁﬂu,&h@é{a@e not besughected to i nmger 90 e al kal.ine

cl eani ng or i mrer g; manual cl eani ng and manual
deoxi di zi ng pr oce%@@%ﬁ&éﬂ éﬁlg‘g used to obtain water break- . free
surfaces before applying cobalt conversion treatnent. A water break-free

surface 25 10s a surface wiich nmaintains-a continuous water filmfor a
period of at |east 30 seconds after having been sprayed or inmersion

rinsed in clean wgaRiumiacéta t enper at uryg.gogh ow 100[ err]§5-75 gm

Thor ough rinsing hr oughout processing is necessary as each
sol ution should b?g%%fa(&}a@ % emoved to avoid interference with the

performance of 30 the next solution in the sequence. Parts shoul d be
processed from one step t®rthe next wi thout delay and w t hout
all owi ng thd5parts to dry. Wien it is necessary to handl e wet parts,

clean | atex rubbegoglavggtsboul d be worn. fd@pmconversi on 190aB0R}eh

handl e dry parts &nt 6{; | ean fabric gl oves. For processing systens
whi ch require a%&g rél’ﬂ)i ng, the nunber and size of contact points
shoul d be kept to a m ninmum as 35 necessary for adequate nechani cal

support. Alkyl-Fluoride (MSP-ST) 4-5 ml P
20 Magnesium Fluoride 2gm 1-3 gm
MgF;
or
Calcium Fluoride 2 gm 1-3 gm
25  CaFp
Operating Temperature 100°F 135-145°F
' (Makeup) Operation)
Immersion Time 5-20 min.
30 (5 to 8 Min for
Na Acetate)

35 1Coatings formed with this technology do not require sealing for corrosion resistance.

2Maintain solution surface tension between 30 to 40 dymes per centimeter.



- 14- Precl ean Vapor degrease may be perforned in
accordance w th Boei ng Process Speci fication BAC 5408. Enul sion
clean in accordance with Boeing Process Speci fication BAC 5763, or
sol vent clean in accordance with Boei ng Process 5 Speci ficati on BAC
5750 if parts are greasy or oily. Parts with open faying surfaces or

spot -wel ded joints where solution entrapnent 165 possi bl e shoul d be i mersed
in cold water (or in hot and cold water) for 2 mnutes after

precl eani ng. Mask and Rack Areas which do not require

Coval ' noar o Sccp: "M R BpaE S5 b A5PYpRRAS ) ki
CRES, or titani urperfbndamomndlnmm radhesiooa heweysratma sngmﬁlﬁen i)qaw esfe@athgméhn d
be masked quungﬁ‘}éai}ag{ f‘elécﬂ@ﬁ‘ ﬁ%%ehmn@@ ke g %ﬁh@&sﬁn%tﬂ‘i‘éﬁﬂ&ﬁﬂu@ﬁ

hol di ng fixtures

rinse may be per f3f niEnersion sy Hﬂhé@%@h CBBté‘?&w&“‘Flﬁ“GiseEgmi’?ﬁy wég"eg}ef f@gifon
BAC 5749, excgpt Mén@ﬁbﬁﬁxamytxhﬂ&ﬁw coRnigngnistiré aaé densitys pThe follateidg general
joints, in which c e rin sho?s q%?%]e for at |least 10 m nutes using
agitation with % & (a mnimumof four tinmes) followed
by manual spray rinsi rig as Optxmum tbathu kemepgratarep froge the standpaietn of rorrggiennand,

Deoxi di ze 20 Deo&ugés?oﬁvadgq-oﬁdd%%eqayoﬂ)aﬂlerforrred i n accordance
wi t h Boei ng Process Speci fication BAC 5765 cept, for rts wher e
sol ution entrapnent i< pos<Pbinereasgp b 31 temperajire %&5 gy ¢ éﬂs‘{fs‘i“rfb‘cl‘?fe

met hod descrilbed above undand 'l¢dskakoatingClaadrthusgya. decrease irCasint adlesiomywith an

deoxi di zed by either of th ] a. Deoxi di ze
in accordance wth Boei E‘b&&ﬁéﬁ%ﬂgs' pec?af%:cat [ on 25

BAC 5765, Sol ution 373.38 & dgorease in bath tempergure fropy 9P%Prasr°§\élt90|"a§kumef
castings in accor dance Wi t BofiR@s Reth 2h @cRsase in paint adhesion and a decrease in corrosion

Speci fication BAC 5748, 'TyE I Class 1 and rinse. A specific
solution formul ation wthi SEFPélgcope of the invention is as set forth
in TABLE ||, 1bel ow. 4. The optimum time was found to be a function of reactant selection.
5. For nitrite complexed cobalt salts the optimum immersion time was
20-25 minutes at optimum bath temp.
6. For acetate complexed cobalt salts the optimum immersion was found
to be a function of the type of acetate being used, i.e.
For Na(C2H30,) 5-8 min @ 140°F
For Mg(C2H30,), 15 - 20 min @ 140°F
For Ca(C2H30,), 12 - 15 min @ 140°F
20 FIGURE S depicts the general behavior of cobalt conversion coatings with

respect to corrosion performance vs. paint adhesion. The intercept point of the
corrosion and adhesion curve represents the bath parameters where the two divergent
properties (con:osion and adhesion) are at optimum with respect to each other.
It is preferred that the pH be maintained between pH 6.0 and 7.5, although
25  coatings have been produced between pH 5.0 and 9.0. Adjustments to the pH may be
required after the solutions have been used for extended periods.
Corrosion Resistance
Utilizing the basic corrosion resistance behavior of complexed cobalt salts, as
shown above, the cobalt acetate formulations were investigated extensively. Cobalt
30 acetate was complexed with sodium acetate Na(CyH307) * 3 HO or magnesium
acetate Mg(CoH3097)3 * 4H20. The results show that these formulations have
excellent corrosion resistance without a subsequent seal step. Salt spray corrosion
testing was conducted in accordance with ASTM B117 and all specimens were



TABLE Il Preferred Sol ution Fornul ation Conmponent [ err]

Makeup Per Liter Control Range Cobalt Acetate

33.0 gm. 30 - 35 gm

Co(Cerr]H err] O[err])[err][err]4H err] 0 Magnesi um Acet at e

85.0 gm 80 - 90 gm 17 '

I\/g(C[err]H[err]O[err])[err][err]4H[err]0 10777 or

Cal ci um Acet at e 70.0 gm : 65 - 75 gm

Ca(_C[err]H[err]O[err])[err][err]H[err]O or 15

ﬁgd' um Acat ate 0 subjected to 168 hr. exposurd:28edT ﬂﬁés III and IV fé)rrlresﬁﬁg’ T80 +Sonditions
u

4-5 ( C[ errjHerr] [ er . fe? Ie%re{tgr H%r n%{;e times l@ﬁ‘é BEY; 1&1:#/ ;gp.&ﬁspl&bto TgbIYES IHSagd IV were

gm obtaihed. @imalysis of this dd‘wﬁ{ eonjunction with basic paint adhesion dﬁfa, as well

Cal ci um Fl uori de

CaF[err] 638?\& fﬂ&t“’fle%é‘}enﬁff e'pargnete:rs has resgl&ﬁ in E}rf:l._ra;::tlmurx{L tankqnakeup

135-145[err]F 5 and controls as listed under TableIl, above. A final qudstiemeuq) corrosion

Oper at i on) performance and color iridescence was answered with this work. This research

established why sodium acetate Na(CH303) - 3Hp0 was chosen as the most,
preferred comple:rer over magnesium acetate Mg(CoH304), * 4H0. The reason is
that sodium acetate imparts a somewhat more aggressive etch effect on the aluminum
10 substrate. This by itself was found to be very detrimental to corrosion performance.
However, when sodium acetate was chemically formulated with wetting agents and
metal fluorides, it had the distinct advantage that bright color iridescence of coatings
were maintained while corrosion resistance was not impaired. On the other hand,
_ when magnesium acetate or calcium acetate were utilized in conjunction with the
15  wetting agents and metal fluorides very little etch effect was imparted and resultant
coatings were rather weak in color effect.
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20 complexcd 120 15 fail
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plus
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Alkyt-fluoride (MSP-ST) | 140 15 pass stained
25 140 20 pass stained
150 5 pass stained
150 10 pass stained
. 150 15 pass stained
150 20 pass stained
Control BAC 5719 pass
30 ALODINE 12008
{current chromated
system)




For‘Ca(C[err]H[err]O[err])[err]' 12 - 15 mn @ 140[err] F 20
FIGURE 5 depicts the general behavior of cobalt conversion coatings with
respect to . corrosion performance vs. paint adhesion. The intercept point of

t he
the two divergent
Wi th respect to each other

mai nt ai ned bet ween pH 6.0 and 7.5, al t hough 25

corrosion and adhesi on curve represents the bath paraneters where
properties (corrosion and adhesion) are at optinmum

It 418- preferred that the pH be

produced between pH 5.0 and 9.0. Adjustnments to the pH may be

required after the solutions hav
Corrosi on Resi stance

behavi or of conpl exed cobaPdintséd

e been used fo
Ut|I|2|n able IV
n dest Results

acetate formul ati ons were investigated extensively. Cobalt 30

conpl exed wi th sodi um acetate Na
magnesi um acetate My(Cferr
results show ghat these fornul at
resi stance w t hoUtoneertosequent

Cerr]Her
Herr]O[er
ons have

5B TP -

r]oferr]
r])[err]

Immersionc b
Skt spr

[err] 3
err%4H[e
MEnP-1Ekor
Alfodtifg I 0S|

-coati ngs have been

ext ended peri ods.
basi ¢ corrosi on resistance

Rairt!fystepbal t

acetate was

H err] 0

0si on
D Wet

or

r] 0. The

Dry

testing was conducted T n accorda

-17- subj&z%%g?é‘? 68 hr

results. The test
i dentical resul tsdt(czﬂi@bleQIﬂI |

ice W th AY
exposure.
120 er e req
ared

A

this data in conj
ot her sol uti om
makeup 5

on corrosion
wor k. This research estab
Na(Cferr]Herr]O[err])[err] 3H gry,
conpl exer over nagnesi uni acetate
AH err]0. The reason is . th
aggressive etgh effect on the al
found to be very detrinental to
sodi um acet at e em c
fluorides, it ha °§CH€3 G?Zsﬁféiﬁct g
coati ngs we Ne(CaEijp)-3Ho0ed - W
On the ot her hang, when mad
uti’li zed in conjunéklon With the

ygh num 10

ly fqrnul ated w

Siag Ppai nt

qg

'V wer g 20

IMB 117

ee Tab
ezgted'tw
dhesi on
esul ted

el
ety

and all s

o¥ﬁ%%£| anpl

tim

opTEREeY Il AhH ysi s |d

Opgs g as W

oeC|nens
deor
S and 1

eld
m t af

nal
e

Wer e
elgr'"f: "

10 as
K

d8tion

&Hﬁﬁﬁ@” with ba
mai Nt enance paraneters has-r
and controls as |istled® 3P
performapnce and color i
i ghed why 9

adi um aciete

0 was cr

y (err]H

al40 sodi um 4

1Gétate i

i descenc

gen as
err]o[grr

i

sybstrat

e was answ

TR,
npdkIs a s
em’éhlénby

¢ G
ered Wi t
10
9 pr 4
[err]

o¥ewhat
gtself

h

h this
9
lgrred

Adr e
We's

d@éntage th
uhe_corr05|
ngsi um acet
%g wet t
d2bd and r

h

a

erforme
th wetti
bri ght
ol resi

e or d

agent
431l t ant

qUEMREd Sl

n_‘qg%lqent IS

m acHqg

S anhd nets
TYPEI& I

tate we

wever,

a@gscen

| fl uor
9

wnen

getal

1u0ed.

0
€s

10
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i0
10
15
15

TYPEI
TYPEI& NI
TYPEI
TYPEI&II

10
10

10
10
9
9

25

Control

BAC 5719 OR

TYPEI

ALODINE 12008

MIL-C-5541

TYPEI&II

10

10

Rating: 10 = Best

30 I = Worst

TYPE I - Chromated epoxy primer (aircraft high-performance coating)

TYPE II - Non-chromated epoxy enamel topcoat (aircraft high performance coating)

35

the performance requirements of these coatings.

1 Boeing Material Specification BMS 10-11 is a highly cross-linked epoxy primer system and details



coatings were rather weak in color effect.

- 18- Table |11

Salt Spray Corrosion Testing of Cobalt Conplex Formul ations

To ASTM B 117 - Single Step Inmersion - No Seal 5

| mrer si on Salt Spray Corrosion Conponent

Bat h Tenp Ti me Resi st aid@e (168 hrs. ASTM

Deg F. (m nut es) B117

Co(CJerr]Herr]O[err])[err]6H err]0 and 120 5

fail Na(Clerr]H err]O[err])[err] 3Herr]O 120

10 fail conpl exed 120

15 OxitlaCoatiriAnalyses 120

]2_2 0 O G R @rface analysis, ugiglgﬁ Perkin-Elmcla\)'g M del 550 suaface analyzer, and

140 Aqur oxide profiles, using thtg same machine (in g rep BB‘F’F'('RS mgg Wc

140 5  beed Sperformed in order to charssterize the cobalt conversion coatings of the

}gg iéw?ention. (ESCA = electron sg%gréscop}%r chemical analysis (also known as XPS

150 or]X-ray photoelectron spectsescopy).) These (apgmqho&)ébgt the cobalt

%gg cbaversion coating consists of #@B&ure of oxides, Glﬂnﬁweﬂﬁmﬁﬂﬁi oxide A1203 as
p 0

co(derr]Her r] O[té? 1rggst, v Pl]““’[ee”refﬁeﬁﬁ[aﬂg rcf’%a‘%\ﬂ’ﬁ‘des gﬁé &036 and 80203 ghe term

fail “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" means that the
volume of this bxide exceeds the volume of any other oxide which is present, but the
term "largest volume present" does not necessarily imply that the volume of this oxide
is more than 50 volume percent.

IS5 The data further shows that in the lower portion of the oxide coating (that is,
next to the aluminum substrate), the largest volume percent is A1,03. The middle
portion of the oxide coating is a mixture of CoO, Co,03, Co30y4, and A1,03. And
the data shows that in the top portion of the oxide coating, the largest volume percent
is a mixture of Co,03 and Co30;.

20 Additional characterization of the cobalt conversion coatings of the invention
may be found in FIGS. 1 through 4 and in the descriptions of FIGS. 1 through 4
above. FIGS. 1 through 4 show a cobalt conversion coating 410 and 420 formed by a
15 minute immersion in a typical cobalt conversion coating solution. The top surface
of the cobalt conversion coating, as shown in FIGS. 1 through 4 bears a resemblance

25 to a sponge, thus providing substantial surface area and porosity for good paint
adhesion. Below the top surface, the coating becomes more dense and solid (non-
porous).

Other Methods gf Application
The above formulation illustrates producing cobalt conversion coatings by

30 immersion application. The same principles apply to producing the conversion
coating by manual application and by spray application.

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 spirit or essential

35  characteristics of the invention. The particular embodiments of the invention
described above and the particular details of the processes described are therefore to



My(‘Clerr]H err]O[err])[err][err]4H err]O 120 10

fail conpl exed 120 15

fail 120 20

fail pl us 140 5
pass st ai ned MyF[err] and 140 10
pass st ai ned = A kyl-fluoride -2MSP- ST) 140

15 pass st ai ned 25

140 20 pass st ai ned

150 5 ags . stai ned,

150 bgoconsidered in all respects %@Igstratwe and gqtaqeﬁgatwe. The scope of the
150 ptésent invention is as set forth frathe appended clafbsratied than being limited to the
éig 5719 e%gmples set forth in the foreg&ﬁé ﬁesnguon ﬁ&%kﬂlﬁl? §8|8§alents afditenld
(current chromat é@ be embraced by thegjaims.

-19- Table 1V

Pai nt Adhesion Test Results on BMS 10-111 Paint System 5

| mrer si on BMS 10-11 Conmponent Bat h Tenp

Ti me Coat i ng Wet Dry

Co(CJerr]Herr]O[err])-6H err]0 and 120 20 TYPE
10 10



My(Cl err] [err]O[err])[err][err]4H[err]0 120 20
I 10

TYPE | & | conpl exed - 120- - —--
30 TYPE I _ 10 10 10

120 - ' 30 TYPE | & 11 9

10 2 i % HIIII[LIHIH lllll Wi
140 20 _ TYPE | & I -292-

140 30 TYPE | 10. 10 15

140 30 - TYPE | & II 9 10
Co(C[err]H[err]O[err]) err][err]6H[

TYPE Jrh bogiments of tkwlrmwwf*gé} i E’é‘i"fs}‘ﬁe[ FEPP‘T’?i—ff‘eW‘T‘Sge
120 J:chaxmed are deﬁn'EE( Rifollows:! | conpl exed
120 15 TYPE | 9 10 20

120 15 YPE . . .

140 10 1. A pr$ SS t:o gfoHung a %oé)alt conversion J:Qatmg on a metal
140 swbstrate, said processyqomprising ghe steps qfp 10

}go TYPE |15 (@) T¥réviding a cobalt cofversion solution 90mpnsmg art8ueous

BAC 5719 OR lu%on comprxsmg9 a §Qlhle Fobaltgmzl?exavaéent comppex, ﬁxe fancentratxon of said
ALCDI NE 1200S cobalt-III hexddvhle@ Giplex being from about 0.01 mole frerriiter] ofigojution to dhe

10 Rat i @gruraltgn’rinﬁte&ftsaﬁ(!:obalt-m hexavalent]co LTYPE | -
Chr omat ed epoxy priner (alr TYPE_.I |

atl g -
Non- chr omat ed epoxy enanel ® pcG&‘E‘a‘%ﬁ‘igr%"l‘ fst' Wa%"ﬁ r%%’@“c@éﬁﬁ clent3

[err] Boeing Mat atoght &time, Wwherby e4id Bdfaltiddnddrsion caathnghfmd.oss | i nked
epoxy priner system and det ai S t he performance requirenents of these

coatings. 2. The process of Claim 1 wherein said cobalt-III hexavalent complex is
present in the form of Mep,[Co(R)g],, wherein Me is one or more selected from the
group consisting of Na, Li, K, Ca, Zn, Mg and Mn, and whereinmis2 or3,nis I or
2, and R is a carboxylate having from 1 to 5 C atoms.

3.~ The process of Claim 2 wherein R is acetate.

4, The process of Claim 1 wherein the concentration of said cobalt-III
hexavalent complex is from about 0.04 mole per liter of solution up to about 0.15
mole per liter of solution.

5. The process of Claim 1 wherein said cobalt conversion solution has a
pH of about 5.0 to 9.0.
6. The process of Claim 1 wherein said cobalt conversion solution has a

temperature of about 68°F to 160°F.

7. Tbe process of Claim 1 wherein said substrate is contacted with said
cobalt conversion solution for a time of about 3 minutes to 60 minutes.

8.  Anarticle produced by the process of Claim 1.

9. A process for forming a cobalt conversion coating on a metal
substrate, said process comprising the steps of:

_ (a)  providing a cobalt conversion solution comprising an aqueous

solution comprising a soluble cobalt-III hexacarboxylate complex, the concentration



- 20+ Oxi de Coating Anal yses ESCA surface anal ysi s,
usi ng a Perkin-El nmer Model 550 surface analyzer, and - - Auger—-oxide

profiles, using the same nmachine (in a different operati
been performed in order to characterize the cobalt conveﬂm ‘ a’gﬂm
t he i nvention. (ESCA = el ectron spectroscopy for cC Al I

(al so known as XPS or X-ray photoel ee23-on spectroscopy).) These
anal yses show that the cobalt conversion-coating consists of a
m xture of oxides, nanely, alum num oxi de A1203 as t he | ar gest

vol une percent, apd.cobalt..0xides,Co err],0f er n er L] .
The term 10 " Pg F‘tjg &P QQ}BFE ﬁﬁmﬁﬁﬁb 8@%& %ﬁé’eﬂ% b[eh‘gt é—‘l’? I‘f@ovd/to@fimm(g% Op'%ﬁ:j&se]r of
oxi de exceeds t heolutidnteshesaturation limigef said pebaltdil htxacanhpaxylatescomplessnd but
the term"largest volume payCentinsBmESsald aibsird@ with said VEILUOH f6H af fiffcient
oxi de exceeds the volune o gnry ot h{ﬁr gﬁl de which i.s rfesezn , but the

term "l ar gest voF’Hﬁ'é"tpﬂ?:Z‘g’é’nY" ergbyesaidheabalt somession ¢qpting 5 f0migtht ( he vol une of
thi s oxide is nore than 50 vol une percent. 15 The data
further shows that inl@he Thevegrogsss tofoClaid & Heheosin dsaid ambaltdll ( héxatarbexylate

madie a'piiT%?@#e%%ﬁ%%ﬁtﬁﬁ}%b%ﬁg?%%%%%h&’%ﬁ?@r%? Rofigortird deledidd
Co[err]O[err], Chpmrthe gfoupicpnsisting ofNaeki, KOG £, Mga@nd Mn, and ndhetpin @ is A 0K,

that in the top prd 503 208 RIS 8 cRbbRflate Rabihd om 'R 3 @8R, Vol e percent
is a mxture of Co[err]O[err] and [err]Olerr]. 20 - Addi ti onal

characterization of t cohal t conv 10 oat.i nas of .the invention
o e found 1 uTFrcs 1 ¢ P emees SR GRS et R sdtattne of Bcs 1

t hrough 4 above. FIGS. .1 through 4 show a cobalt conversion coating
410 and 420 fornmed byl - The pioessiofUClain Arwdressinthe poncentygsionadf saidapbalt-1IT

conversi on coat| E&a@a?ﬂ)%?@coﬁ[ Bx iORoMUbbEC6.04 mole pRE It Rraplfbh UpORY&IoRt ON
coating, as shown Ln . Fégugh 4 bears a resenblance 25 to a sponge,
rea

I it
t hus providing stbs3 H"’élhteé'&& and porosity for good paint
adhesion. Below the top surface, the coating becones nore dense and solid
(non- porous). 13. THa preceshief Kiadm Sowhekpinl saidatobalh conversion solution Rdsea

above formul ati 3@&%@1;&%@@ groducing cobalt conversion coatings by 30
i mrer si on application. e sane principles apply to producing the

conver si on coating by manual i catjon and by spray application.
As will be apparent ti§thok RRFSSH e@@%mﬁh\@h%{ﬁm si"g ﬁfaﬁﬁl&ﬁowm sRlpon,has; &
addressed, the pempeanture ofvzbout 68PFy6DEF.enbodied in forns other than those
specifically disclosed above, w thout departing fromthe spirit or

essential 35  characfser i SfHeGsoldss bREIdiMEWhéR: saidTADsPAE tis Etltadted with said
enbodi nents of the .inventjon rdescrl d above and the particul ar

details of the pPBYESYREsHBSEIigR P ENE A b?gu%es to 60 minutes.

16.  Anarticle produced by the process of Claim 8.

17. A process for forming a cobalt conversion coating on a substrate,
wherein said substrate is aluminum or aluminum alloy, said process comprising the
steps of: | _

(aj providing a cobalt conversion solution comprising an aqueous
solution comprising a soluble cobalt-IIT hexavalent complex, the concentration of said
cobalt-IIT hexavalent complex being from about 0.01 mole per liter of solution up to
the saturation limit of said cobalt-III hexavalent complex; and

®) contacting said substrate with said solution for a sufficient
amount of time, whereby said cobalt conversion coating is formed.

18.  The process of Claim 15 wherein said cobalt-III hexavalent complex is
present in the form of Mep,[Co(R)g], wherein Me is one or more selected from the



- 21~ be considered in all respects as illustrative and not restrictive.
The scope of the present invention is as set forth in the- aWEWMI ne

rather than being limted to the exanples set forth in the “\
descri'ption. Any and all equivalents are intended to be e “ﬁ%ﬂ mmm“\
cl ai ms.

The enbodi nents of the invention in which an2éxcl usive property or

privilege is clained are defined as foll ows: : 1. A process for
form ng a cobalt conversion coating on a netal substrate, said process

conprising the steps of: , | ) (aq) vi dj ng a. cobal t

conversi on sol ut i&fﬁ“&&ﬂ‘ﬁﬁ#‘&g HQN&&'&&QG@%&%HFF%%%WB?% &S 49631 By bor
cobal t-111 hexaval,ant Rcisaphrboxylith bavdingffomtIr tot§ Ontafis.sai d  cobal t-111
hexaval ent conpl ex being from about 0 01 nole per liter of solution to the

saturation limt of sajgd coﬁgl&méekg i d ngl&eﬁ\mla%at@”d

(b) contacting said substrate MAt utton for sufficient anopunt
of tinme, whereby said cobaljf convers

The process of O ai m 1%%her °rP‘§%ﬁsﬂ°tg;gaé'Ftl% gﬂé)?ﬁ"?/&?‘é‘?ﬂ‘“ﬁ‘b‘??p?%?‘q §§bah‘m
present in the fderavaleniepmplek (<o) dbeut D]04[ mole |penthicsrasfrsoldtionsupoteeatmut r0orse

sel ected fromthe,,. per liter of solution. i

21.  The process of Claim 15 wherein said cobalt conversion solution has a
pH of about 5.0 to 9.0.

22.  The process of Claim 15 wherein said cobalt conversion solution has a
temperature of about 68°F to 160°F.

23.  The process of Claim 15 wherein said substrate is contacted with said
cobalt conversion solution for a time of about 3 minutes to 60 minutes.

24.  An article produced by the process of Claim 15.

25. A process for forming a cobalt conversion coating on a substrate,
wherein said substrate is aluminum or aluminum alloy, said process comprising the
steps of: _
(a) providing a cobalt coriversion solution comprising a solution
prepared by reacting a cobalt-II salt with a metal carboxylate having from 1 to 5
carbon atoms, wherein the concentration of said cobalt-II salt is from about 0.04 mole
per liter of final solution up to about 0.15 mole per liter of final solution, and the
concentration of metal carboxylate is from about 0.03 to 2.5 mole per liter of final
solution; and

(b)  contacting said substrate with said solution for a sufficient
amount of time, whereby said cobalt conversion coating is formed.

26.  The process of Claim 22 wherein said cobalt-II salt is a cobalt-II salt
which has a minimum solubility of about 0.01 moles of cobalt-IT salt per liter of water
at 20°C (68°F).

27.  The process of Claim 22 wherein said cobalt-II salt is cobalt acetate.



group consisting of Na, Li, K Ca, Zn, My and Merr] and wherein mis 2 or
3, nis 1or 2, 6 and Rlsacarboxylate hawngfromlW
3. The process of Caim2 wherein Ris acetate.

process of Claim1 wherein the concentration of said cob |mnmm ‘m
conplex is fromabout 0.04 nole per liter of solution upﬁ |l e
per liter of solufion. 5. The proe@$s of daif 1° wher &i n"sai d
cobalt conversion solution has a pH of about 5.0 to 9.0. 6. The

process of Claim1 wherein said cobalt conversion solution has a

t t f about 68 F.to 160[ e
ClegP ﬁ{? \l;\/:]gr (Ca)l nasg:Jd su%’g { Lt]g\e?grogq;ﬁpgélgal% piheein aa*‘é&BB;rE{] chgvﬁ(fé% F%}Hm“ 18

solution for a ti mpréfareitoid bath makeupesequencé Comprisitiges. . An

article produced by the proc of rocess for
form ng a cobalt conversion ?@;t g gl%’g] t‘rﬁwsca%’spagfgwéa{?d process

conprising the steps of: thenadd@g)saldcpb@tﬂldsp.hg a cobalt conversion
sol ution conprising an aqueous sol ution conprising a soluble cobalt-I1I
hexacar boxyl ate conpl ex,2gt he TheRESSRES SIS 22 wherein said cobalt conversion solution has a

- 23- of said cob L1 xagar boxyl ate conpl ex being from about 0.01
nol e per liter Z%)?{ﬁb‘)%yﬁé ?% saturation limt of said cobalt-111 ..,
hexacar boxyl at e corrpl ex; and (b) contacting said

substrate with said sol 30 on BheipresessafiGlaime?a whereipsaid esbalt |°%Vef%$®§§°ns!ﬁl§@

cobalt conversion Q%*érmréﬁabeﬁtr@dpto 160°F. 10. The process of Claim38
wherein said cobalt-] hexacar boxyl ate .

31.  The process of Claim 22 wherein said substrate is contacted with said
cobalt conversidn solution for a time of about 3 minutes to 60 minutes.

32" Anarticle produced by the process of Claim 22.

33. A chemical conversion coating solution for producing a cobalt
conversion coating on a metal substrate, said solution comprising an aqueous solution
comprising a soluble cobalt-III hexavalent complex, the concentration of said cobalt-
III hexavalent complex being from about 0.01 mole per liter of solution to the
saturation limit of said cobalt-III hexavalent complex.

34,  The solution of Claim 33 wherein said cobalt-III hexavalent complex is
present in the form of Mey,[Co(R)g],, wherein Me is one or more selected from the
group consisting of Na, Li, K, Ca, Zn, Mg and Mn, and whereinmis2or3,nis 1 or
2, and R is a carboxylate having from 1 to 5§ C atoms.

35. A chemical conversion coating solution for producing a cobalt
conversion coating on a metal substrate, said solution comprising:

(3)  an agueous solution comprising a soluble cobalt-III carboxylate
complex, the concentration of said cobalt-IIf carboxylate complex being from about
0.01 mole per liter of solution up to the saturation limit of said cobalt-IIT carboxylate
complex;

~(b)  wherein said solution is ﬁrepared by reacting a cobalt-II salt
with a metal barboxylate salt having from'1 to 5§ C atoms, wherein the concentration
of said cobalt-II salt is from about 0.01 mole per liter of final solution up to the
saturation limit of the cobalt-II salt employed, the concentration of said metal
carboxylate salt is from about 0.03 to 2.5 mole per liter of final solution.



conplex is present in the formof M[err](Co(R)[err]][err] wherein M is
one or nore selected fromthe group consisting of Na, Li, K Ca, Zn,

and Mh, and wherein mis 1 or nis 2 or 3, and Ris_a- carbexyl -ate haV| ng
froml to 5 C atons. 11. The process of Cla|m9

acet at e. 12. The process of C aim 8 wherei n Hm! n of
said cobalt-111 hexacarboxyl ate conpl ex is ®fom about ar kiter

of solution up to about 0.15 nole per liter of solutlon
The process of Claim8 wherein said cobalt conversion solution has a pH of

about 5.0 to 9.0. The [ ai rejn sai,d bal t
conversi on sol ution ha%‘sa tb?ﬁ:)\*-ﬂh&’t%rq{&g nﬁwﬁergxg[w%a&%fi%&s& F‘qukcﬁ) il
15. The processwhith Ghsia mirBmuimesohibilitys of 2boati0.91 madle of sobait-l aalt per kitet bf waterl
cobalt conversi onﬁingtéé%&Bf or atine of about 3 mnutes to 60 m nutes.

d

16. An article y the process of Caim8. 17. A
process for formng a cobalt conversiogn coating on a substrate, wherei

sai d substrate is al uiTaum Hre selutipn pfikiaim péyvhetein W%FQR?@% 5@5&?199?@? ?‘fﬁtaﬁ‘he

steps of: (a) provi ding a cobalt conversion solution
conprising an aqueous Il utmrsomawaelan@mm}wb&@d metahlst seletted fonaihel gaip
conpl ex, the concent ratl 0 | t hexaval ent conpl ex being from
about 0.01 nole pé) s”il fl’é’ﬁ‘%gr&% e saturation limt of said
cobalt-111 hexaval ent corrpl ex; (b), contacting said
substrate with said sd%ti &hef@iut@nmfffiliam 3hovhgrain said gnetel pasboxplate dpy metal
cobal t conversionegQating is forned. . 18. The process of Caim15
wherein said cobalt-111 hexaval ent conpl ex i s present in the for m of

Men] Co(R) 6] n wherein I\éla 's re]:eso urtloxrxr%rfeCl%renl w gregnr Sy tcogalt conversion solution is

prepared by a bath makeup sequence comprising:
' (a)  dissolving said metal carboxylate; and
) then adding said cobalt-II salt.

41.  The solution of Claim 37 wherein said solution has a pH of about 5.0
to 9.0.

42.  The solution of Claim 37 wherein said solution has a temperature of
about 68°F to 160°F.

43. A chemical conversion coating solution for producing a cobalt
conversion coating on a substrate, wherein said substrate is aluminum or aluminum
alloy, said solution comprising an aqueous solution comprising a soluble cobalt-III
hexavalent complex, the concentration of said cobalt-III hexavalent complex being
from about 0.01 mole per liter of solution to the saturation limit of said cobalt-III
hexavalent complex.

44, The solution of Claim 43 wherein said cobalt-III hexavalent complex is

present in the form of Mep{Co(R)gl, wherein Me is one or more selected from the

' group consisting of Na, Li, K, Ca, Zn, Mg and Mn, and whereinmis2or3,nis ! or
2, and R is a carboxylate having from 1 to 5 C atoms.

45. A chemical conversion coating solution for producing a cobalt
conversion coating on a substrate, wherein said substrate is aluminum or aluminum

alloy, said solution comprising:



group consisting of Na, Li, K Ca, Zn, My and M1, and wherein mis 2 or 3,
nis 1lor 2, and R is a carboxylate haV| ng froml to 5 C atons.
19. . The.process of Caim1l1l6 wherein Ris acetate. —=——20." " "Th

process of Oalm1s shereln the concent sl b I fZ'r dof“’i’é‘l illliﬂHI\IMII\H\I\IH |I|l‘
about 0.15 nole per liter of solution. p¥ ocess oM CP

15 wherein said cobalt conversion solution has a pH of about 5.0 to 9. 0
22. The process of Caim 15 wherein said cobalt conversion solution has a

tenperature of about 68[ er rdy~ t g, 16000 Fs od.mon comffr%?hgo TQSIuBfeOCmtqh

Cl ai m 15 wherein said substrate 1's contact conversi on
sol ution for a-thg¥acarboxyate: complexythes concentratiom afe said cobalt-III hexacarboxylate

article produced chy Ieﬂ%eﬁg(ﬁ‘bﬂﬁéboﬂf()@l%dﬁ pér liter of solution #Pthe satfrbibA igfSof said
form ng a cobalt C%B ﬁirﬁl on iaé go on a Substrate, wherei:n said substrate
i s al umi num or alCBPAHHHPRRFHYC 3 f EOPR'GEess conprising the steps of:

(a) provi ding a cobalt ch)ver whmnssdldltsbkmommpﬂ'eb&iedg)yareaaingti@nbaﬂt—Hpﬁllted

by reacting a coapt; ln[e a?%o@l&t? ?%%%%@th }‘éxﬁ‘?!?c{ E&{E‘eamlt%n of

carbon atons, wherein e con sai'd co
about 0.04 nole saf qobelell salt iy ﬁram sbpuﬁtt? 8h ragle trsr diseruef finalssaletian pprto| theer

of final sol uti ogatusfien tift Cdrnﬁzenédbakimrsamferﬂﬁbﬁd il by Eticentrftioh! 8fMnadiaUt
003t025rmleg%§gllter of sol

cont acting said ’fyﬁ‘ﬁ?@@ﬁr{‘ﬁ %(93§8I23{ %H"Sﬁteﬁgﬁ?ﬁlf@%‘?ﬂ armt(Jlrol% of

time, whereby said cobalt conversion coating is forned. 26. The
process of C aim 22 wher ei Bhe splutiaodClainy #5 setierein said colaltallisalk is & sbbaltaH salt

has a mini mum SOW&h'hﬁ ¥ n@ﬁ:mﬁ%‘ubﬁ'tyéf zﬁﬁlugé O?fmd?é%t}ﬁl' hfel' bf %dlel aPBy°d <6t89F of

water at 20[err]C (68F) e process Carm 22 wherel n said
cobalt-11 salt is cobidl,t

a‘?ﬁe sot]utlon of Claim 45 wherein said cobalt-II salt is cobalt acetate.
48. The solution of Claim 45 wherein said cobalt conversion solution is

prepared by a bath makeup sequence comprising the steps of}

(a) dissolving said metal carboxylate; and

(b)  then adding said cobalt-II salt.

49.  The solution of Claim 45 wherein said solution has a pH of about 5.0
to 9.0.

50.  The solution of Claim 45 wherein said solution has a temperature of
about 68°F to 160°F,

51. A coated article exhibiting corrosion resistance and paint adhesion
properties, said article comprising:
(@  ametal substrate; and
) a cobalt conversion coating formed on said substrate, said
cobalt conversion coating comprising aluminum oxide AlyO3 as the largest volume
percent, and one or more cobalt oxides from the group consisting of CoO, Co203
and Co304.



- 25- 28. The process of Claim 22 wherein said cobalt conversion
solution is prepared by a bath nmakeup sequence conpri sing:
(a) . dissolving said netal carboxylate salt; and T (b)y- - then

adding said cobalt-11 salt. 29. The process in
said cobalt conversion solution has a pH of about 5. 0 a’lﬂ] m 0

The process of Caim 22 wherein said cobalt @8nver si on s utei 0
tenperature of about 68[err]F to 160[err]F. : The process of
Claim 22 wherein said subst rate is contacted with sai d cobal t conversion
solution for a tinme of 3 ute 6.0 tes. 32. An
article produced by th5 pr scé’n%a zﬁqﬁgixmﬁwﬂerem 33. A chem cal

conversi on coating sol uti or(af or iptiedpartioyg of seidxbalt convession omtmaadjatgntomda

t al bstrate,
Sol bl o cobal t 1 1T0ES St tabsdlt KRR port ) oPLIPEIERY Son b Al PRI 1
1l hexaval ent conpl ex bei (B f rW@B@EPOGIOGPfﬁﬂFié’O t conveasiongoages, ihe largest

the saturation |iygldmépe@ntdof 9liad! doaling cBRtaY @s@ﬂixal@oﬁpbeimture of Coy®4. and
The sol ution of CQP 3,wherein said cobalt-111 hexaval ent conplex™i§

present in the f aRﬁe[err][Co(R)[err]]n wherein Me is one or nore
selected fromthe group corfe) st iimthegfortibn of said KpbalagonZersioktroating Merebatwken,

E\Nher ein mis 2 Orsglg COQUI}&SCC{{"!SIQ{S egﬁenlzﬂ(}g o?a'nﬁxﬁr&@f@%yd:@)% r@éU}?aﬁd’ . t O S

C at ons. em ca version coati ng prioduci ng
a cobalt conversion cqating,on a me ate olutiqn co r|5|ng
(a) an aqueous sol u% <§? ﬂéaf"gg eée‘&f I‘E° Fﬁlc"ﬂ‘éﬁrﬁ%ﬂ’%})"@ as a
conpl ex, the concea:tixfgatmgm offabeui2g tcabahtg{ﬁ | carboxyl ate conpl ex being
from about - '
54.  The article of Claim 51 wherein the top of said cobalt conversion
coating is' porous and has the appearance of sponge as shown in FIGURES 1

through 4.

55. A coated article exhibiting corrosion resistance and paint adhesion
properties, said article comprising: _
()  a substrate, said substrate being aluminum or aluminum alloy;
and
(b)  a cobalt conversion coating formed on said substrate, said
cobalt conversion coating comprising aluminum oxide AlyO3 as the largest volume
percent, and one or more cobalt oxides from the group consisting of CoO, Co,03,

and Co304.

56.  The coated article of Claim 55 wherein:

(a) in the portion of said cobalt conversion coating adjacent said
substrate, the largest volume percent of said coating consists essentially of Al,O3;

(b)  in the top portion of said cobalt conversion coating, the largest
volume percent of said coating consists essentially of a mixture of Coy03 and
Co304; and

(c) in the portion of said cobalt conversion coating therebetween,
said coating consists essentially of a mixture of CoO, Co203, Co304, and Al;O3.

57.  The article of Claim 55 wherein said cobalt conversion coating has a
coating weight of about 20 to 240 mg/ft2.



0.01 nole per liter of solution up to the saturation Iimt of said

cobalt-111 carboxyl ate conpl ex; (b) wherein said sol ution
is prepared by reacting a cobalt-11 salt with a netal. carboxylate salt
having from1 to 5 C atons, wherein the concentration.gum |"ﬂ m ' :
salt is fromabout 0.01 nole per liter of final soluti n u' M[”m
saturation limt of the cobalt-11 salt enpl<@9ed, the concefitrhti®%bn of *said
netal carboxylate salt is fromabout 0.03 to 2.5 nole per liter of final
sol uti on. - 26-

36. The sol ution of aim 35 ergin.sai.d cobal p-11 salt .is obal t - |
salt which has a m n?gum ﬁS‘T ﬁ‘ﬁi\gﬁ ?6@?("";80 Eerﬁx_noﬁxenﬁpegéfaxgchgﬁlf_qopvgrgpp
per liter of watevatingtis pOGug§ Gfd has the lEppearance of spoie. as shoma inFIGURES of 2, 3
Claim 35 wherein jd cobalt-11 salt is cobalt acetate. 38. The
solution of Caim35 wherein said netal is selected fromthe group
consisting of Na, Li, K, GCa, Zn, Ng‘ra{%d M. . 39. The saol ution of
d ai m 38 wherein sai d%et o PRCHExIF atfogming an (tidg film: gpbalty conversion coappg
The sol ution of d&dhititig3ooridsidhaesistare dnd phint tdlesiougrepatiessal atsubstrate; wherein
pr epar ed byaba&m .S LSINQ ea: s .
di ssol ving said ne %l%§gz§$ %@3’@%?‘3@@{&“@' said p ro?ess(cgé;x‘pnsxfl ﬁé‘?\ggﬁfé i or?g y
said cobalt-11 salt. (@) grovidingpa odeflwnfosming gebalts pomyeesien solutey
solution has a pddn@risigal aqueblist Radtiofl-solution preparéti?by reattifig sobdld acdtatotwihl &1 m
37 wherein said r%eotlaf"' gc'etoa?e pe?eséte% é'oem eergaxl%nlﬁg gor%gstigg o ivfg(? %a? raxrul Elata%ega(?e? [w%re; ir'nz '
the concentration of said cobalt acetate is about 30 to 35 grams per liter of final
solution and the concentration of said metal acetate is about 65 to 130 grams per liter

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 corrosion resistance and paint
adhesion properties to said substrate.

60.  The process of Claim 59 wherein an alkyl fluoride or fluorocarbon
wetting agent in the amount required to produce a liquid surface tension of 30 to 40

degrees per centimeter.

61.  The process of Claim 59 wherein MgF9, CaFy or mixtures thereof are
added to said solution in an amount ranging from 2 to 4 grams per liter of final

solution.

62.  The process of Claim 59 wherein said cobalt conversion solution is

prepared by a bath makeup sequence comprising:
(&)  adding and dissolving said metal acetate;
(b)  then adding and dissolving said cobalt acetate.

63.  The process of Claim 59 wherein said cobalt conversion solution has a
pH of about 6.0 to 7.0.

64.  The process of Claim 59 wherein said cobalt conversion solution has a

temperature of about 140 + 5°F.



43." A chemical conversion coating solution for producing a cobal t
conversion coating on a substrate, wherein said substrate..is-alum-num of-

al um num al |l oy, said solution conprising an aqueous sol uti on conpri Si n

sol ubl e cobalt-111 hexaval ent conplex, the concentrati on muﬂmlﬁigﬂﬂiu lll I
hexaval ent conpl ex being fromabout 0.01 nole per liter

saturation limt of said cobalt-I111 hexaval ed®- conpl ex. . The

solution of Claim43 wherein said cobalt-I11 hexaval ent conplex is present
in the formof Me[err](Co(R)[err]][err] wherein Me is one or nore selected

from the oroup consi styeg ofy ol pelfid3o ek e 2UEAAES S B °

2 or 3, nis 1or 2, and RTS fom
45. A cheni cal @émmzﬁewwa{tﬁonéorswm piabout npm&em. 3fmigutesbal t

Clonver Si Onl foat i ng 8” 65| S;Jbﬁ{er @io@essV\ﬂeCﬂ!Jrﬂ s9aivHereinb e 3biRehtPatinU BT RREMcObalt
m num a oy, sai SO on Cco
o taons Chor GErEie S o3 e et Rer. ot A28 solytion aodgf metslspetateds 700 433 GRS

conpl ex, the congeniiteabf fimal elusai.d cobalt-111 hexacarboxyl ate conpl ex
being fromabout 0.01 nole per liter of solution to the saturation limt of

said cobalt-111 hexagyr boW'ﬂB@esQ%plfsﬁmn% an oxlde ﬁlm coba.ftblzonvem‘@\ %b&hng
said solution is prepared by reactin aCQ . b y
car boxyl ate havi ﬁS' [tgEn coTPEOB resistang s‘?%@’%ﬁ@ér?f‘raaﬂ Stratss wherking

cobal t-11 salt i saifirsobstmatedishluthifiin untlmnmam dllloy,esaqufroéesmad)mprddmg thesteppof. 0

of metal | car boxyl ate is i (om aupias o Sohad Bk Mg A0t BnSRRGH, ilyln®"

sol uti on. compgsing arf|gguenys geaction mlu@raprppmdmemmgs@belt agetatet with a
salt is a cobal txﬂekal%aéthtevveleeﬁdm &e@r&ﬁpﬂ%ﬁﬂsﬁﬁﬁg@f inh%ﬂésﬂh 3beiin, Qa?}%mes

3 ai m 45 whor o) n SESHG 2B ETIeF Heceaty Vhctn s fnospipiap af said cobal szetae s about

30 to 35 grams per liter of final solution and the concentration of said metal acetate is
about 65 to 130 grams per liter 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 corrosion resistance and paint
adhesion properties to said substrate.

68.  The process of Claim 67 wherein said cobalt conversion solution is
prepared by a bath makeup sequence comprising:
(a)  adding and dissolving said metal acetate;
(b)  then adding and dissolving said cobalt acetate.

69.  The process of Claim 67 wherein said cobalt conversion solution has a
pH of about 6.0 to 7.5.

70.  The process of Claim 67 wherein said cobalt conversion solution has a
temperature of about 140 * 5°F,

71.  The process of Claim 67 wherein said substrate is contacted with said
cobalt conversion solution for a time of about 15 minutes to 25 minutes.

72, 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:



48.* The solution of Caim45 wherein said cobalt conversion solution is
prepared by a bath makeup sequence conprising the steps of
(a) di ssol'ving said netal carboxylate; and ~ (b))~ then-

addi ng said cobalt-I1 salt. 49. The sol uti on of
said solution has a pH of about 5.0 to 9.0. ” Fm l ilm

Cl aim 45 wherein said solution has a terrperalhre of about
160[ err]F. 51. A coated article exhibiting corrosion re5| stance :

and pai nt adhesion properties, said article conprising: (a)
t al bstrate; d ... (b . bal t ti

?o?erreg o?tus; (rjasﬁbs?pat e, 5?% d 8%1?3( één%& ﬁﬁ“aéegﬁlﬁg%’ 3'? onvgr?ﬁa sBfution

al um num oxi de -At@Mprisisg taheadmgses&acﬂmi soletipe rafem tsplubled colrait-I3F  hexacarboaplatet

oxi des from the %ﬁlpﬂﬁc%@fe& daﬂﬂcd%&t{ mex%&{x@iag EdthpleR %dpr@én? u§ [T {%'iﬁx]  of

52. The coated_ar
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coating wei ght odndabout 20 to 240 ny/ftferr].

(b)  contacting said metal substrate with said. solution for a
sufficient amoutit of time to oxidize the surface of said substrate, whereby said oxide
film cobalt conversion coating is formed, thereby imparting corrosion resistance and
paint adhesion properties to said substrate,

73.  The process of Claim 72 wherein said cobalt conversion solution has a
pH of about 6.0 to 7.0.

74.  The process of Claim 72 wherein said cobalt conversion solution has a
temperature of about 135°F to 145°F.

75.  The process of Claim 72 wherein said substrate is 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 coating
exhibiting corrosion resistance and paint adhesion properties on a substrate, wherein
said substrate is aluminum, aluminum alloy, magnesium, magnesium alloy, a Cd plated
substrate, or a Zn-Ni plated substrate, said process comprising the steps of’

(a) providing an oxide film forming cobalt conversion solution
comprising an aqueous reaction solution prepared by reacting a cobalt-II salt with a
metal carboxylate salt, wherein the concentration of said cobalt-II salt is from about
0.1 moles per gallon of final solution to the solubility limit of the cobalt-II salt
employed and the concentration of said metal carboxylate salt is from about 0.03 to

2.5 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



54 The article of Caim51 wherein the top of said cobalt conversion
coating is porous and has the appearance of sponge as shown in FI GURES 1
t hrough 4. - 55. A coated article exhibiting corrosion resistance

and pai nt" adhesi on properties, said article conprising: a)
a substrate, said substrate being alum num or al um num ijmIM!“MI!I!"Jm
(b) a cobalt conversion coating fornmed on_ggid substr , cSalL *
conversion coating conprising alum num oxide Al[err]O[err] as the |argest
vol ume percent, and one or nore cobalt oxides fromthe group consisting of
CoO, Co[err]O[err], and Co[err]Of[err]. 56. The coated article of
Cl ai m 55 wher ei nconversion coating is fdreded, thenetyhémpaning aworobioaaredistanobaland paint

caid coating conbfbhEGAH SRR | (c,  a7cst VO U Pereery)
in the top portion of _said cobalt cqnversion cqating, the |argest vol une
percent of said coati A& col8s BIosessod Slamy6 whegsin gaidcobalt-H salt isgabalt asssaiper r ]

and Co304; and (c) in the portion of said cobalt
conversi on coating t h@8.ebeTheprocesaf Clamdb wigren tis metal eSmohmeal tarbofylate is

i xt f CoQ . : d : 57.
The article of CParibeSuid brotP LB BEIL T CE AEMR A o o
coating wei ght of about 20 _to 240 ny/ft[err]. . . . 58. The
article of Oaim55 wh2rei Aihe REOCess Pt Glaimafogwhessia & Auasinptedswesting agentiihadded

porous and has t tiesadpestaltBaeersion soloigetoassiftinwhe formbdiéABESid. cobhlt chnvésidnd.
59. A process for. form.gguglsrt]m%xi de film cobalt conversion coating

coating on sai
80.  The process of Claim 76 wherein said wetting agent is selected from
the group consisting of an alkyl fluoride, fluorocarbons, CaFa, MgF2, and mixtures

thereof.

81.  The process of Claim 76 wherein said cobalt conversion solution is
prepared by a bath makeup sequence comprising:
(a) adding and dissolving said metal carboxylate;
(b)  then adding and dissolving said cobalt-II salt.

82.  The process of Claim 76 wherein said substrate is contacted with said
cobalt conversion solution for a time of about 3 minutes to 60 minutes.



exhi biting corrosion resistance and pai nt adhesi on properties on a
substrate, wherein said substrate is alum numor alum num all oy, said

process conprising the steps of (a) provi di ng an oxi de
filmformng cobalt conversion sol ution nBéASIHQ an aqueous reaction
sol ution prepared by reacting cobalt acetate™wth a netal acetate selected

fromthe group consisting of Mgy, Ca, and Na acetate, wherein the
concentration of said cobalt acetate is about 30 to 35 grans per liter of
final solution and the concentration of said netal acetate is about 65 to

130 lit ' L-on, t '
st d subst Fat e w NONCHRAfATER YHBE i e Eor AtAmmaitsyRSRATES "0
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. 0 . n
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Cl ai m 59 wherein sabstrarq(ylnewbyumpmeg@prrpﬁree resisignss and paint ﬁgheé@eraromtl@mel‘he
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centl neter
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rangi ng from 2 taendagreans solutioni temtainingf anadluklel oobaltalll hexavalent 6@omplexhthe

process of O al Mg Wk 5&‘&@'c@bﬁ?ﬁi"b&xﬂm}{%&hﬁ%%%ﬂtﬂ'@g abéutpé gi’ﬁ{o‘i’éjpg'y

a bath makeup sequence conpri
di ssol vi ng said Hier0f srbetion to the solubility limit of thg)co t‘r]:E[n %&ﬂﬁ%} emaplex and

di ssol ving sadd @)ahtacifeihalsebstrate with thefGdlution Torea ﬁiﬁd&&&mﬁun@ﬁﬂuﬁb Sfhereby
ther el 2a1 | SOPGld SRR aSbH e Al Sn WiV Db e
t errper ature of abley, as4@ell §§e€¢ ]plated Zn plated, Zn-Ni plated, and steel. The cobalt-III
hexavalent complex may be present in the form of Mep,[Co(R)g]p, wherein Me is Na,
Li, X, Ca, Zn, Mg, or Mn, and whereinmis 2 or 3, nis I or 2, and R is a carboxylate
15  having from 1 to 5 C atoms.

(B) A chemical conversion coating solution for producing the cobalt
conversion coating on a metal substrate, the solution including an aqueous solution
containing a soluble cobalt-III hexavalent complex, the concentration of the cobalt-III
hexavalent complex being from about 0.01 mole per liter of solution to the solubility

20  limit of the cobalt-III hexavalent complex.

(C) A coated article exhibiting acceptable 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 Al,013 as the largest volume percent, and cobalt oxides CoQO,

25 Co0,0s3, and Co30,.
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65. The process of Claimb59 wherein said substrate is contacted with said
cobalt conversion solution for a tine of about 5 mnutes to 30 m nutes.

66. The process of Caim59 wherein the concentration of the cobalt
‘acetate is 33 grans per liter of final solution and of nmetal acetate is 70
to 125 grans per liter of final solution. 67. A process for

forming-an oxide film cobalt conversiont /Boat i ng exhibiting corrosion
resi stance and paint adhe5|on propertles on a substrate mherein sai d
substrate is al um NUM sQGs. B R SRRy Steps
of (a)i‘%, A 5y
sol ution conprising aaerGHs PR Thie 5 YR A T
cobalt acetate with a ZRBtAN ]

magnesi um cal ci um an; *)a‘ Ay YA
concentration of said -'? £ .351'
final solution and thén ;&0 "'G.T‘Qar ’ﬁetbﬁ R LGS X
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oxi di ze the surface of~ 3y it ) quwy rck Pl - -

conversion coating is iyt ."de m@r;uhg cor:rv apr3ss: baiAE and-
pai nt adhesi on proper\w\e' ; ‘,' 3 ; cess of
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Cl ai m 67 wherein said & ¥ ST e .zw- h
makeup sequence corrprl;gf'_ . -,‘- T df-ng.andadu ¥l ng said
met al acet at e; 1‘,‘;-'-5’5 -( .l G‘.ﬂ."ﬁ Bﬂgi'@& a0 ng 73.a| :§; cobal t
acetate. - 69. Radénoy -'ss Q'i Ha‘l'm 67-.' e,._ '. : = ALRLES
conversi on sol ution ha 3y i @ a0 : § T % Tk % process
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about 15 minutes to 2% A"process tor formng an

oxide film cobalt conversion coat| ng exhi, b| ting corr05| on resistance and
pai nt adhesion properties on a substrate, wherein I d substrate is

al um num or al um num al |l oy, said proce;é;ew; the steps of
-




(a) providing an oxide filmform ng cobalt conversion sol ution

conpri sing an aqueous reaction solution of a soluble cobalt-11

hexacar boxyl ate conpl ex, wherein said cobalt-I11 hexacarboxyl ate conpl ex
is present in the formof MJ[err][Co(R[err]][err] wherein Me is one or
nore selected fromthe group consisting of Na, Li, K Ca, Zn, My and M,

and wherein mis 2 or 3, nis 1 or 2, g@% R is a carboxylate having from1
to 5 C atons, and wherein said cobalt- hexacarboxylate conplex was nmade
by reacting a cobalt-|I rboxyl ate salt mnth talqcéTbo i ? chﬁyag
the concentration of ™4id cobaft he*ﬁEa oxy te coMl e

about 0.1 nole per gaIIon “of utioh’ \; L 1‘?I|t y j |d
cobal t-1I11 hexacarbo;%*ﬁt I§=)w“' ,&& N act i ng
said nmetal substrate WPTH, Said s SRS ~n1# i of time
to oxidize the surfaceifis o s .“”“ i obal t
conversion coating ist ?- and

pai nt adhesi on propern', ess1BY
Claim 72 wherein saidg 5.0 to
7.0. 74. T ersion
sol ution has a tenpera 5%
The process of daim ¥ d
cobalt conversion sol R S .

76. A process for fq .

exhi biting corrosion r :
substrate, wherein saij ESi um
magnesi um al l oy, a Cd B said
process conprising thdg Pxi de
filmform ng cobalt coss @ on

sol ution prepared by rgs 3 ot e

salt, wherein the conc® &g copalt-11 salt is fromabout 0.1
nol es per gallon of final solution to the solubility limt of the cobalt-II
salt enployed and the concentration of said netal carboxylate salt is from
about 0.03 to 2.5 noles per gallon of:ﬁ;ﬂﬁkz§3?u§?bn; and
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(b)" contacting said substrate with said solution for a sufficient amunt

of tine to oxidize the surface of sai d substrat e,

wher eby said oxide film
conver si on

cobal t - 32-

coating is-forned, thereby inparting corrosion resistance and pai nt

adhesi on properties to said substrate. 77. The process of Caim
salt is cobalt *4detate. - 78. The

76 wherein said cobalt-11
process of Claim 76 wherein the netal of said netal
fromthe group consisting of Na, K Li, Ca, Zn, My and M 79.
process of Claim76 wherein a fluorinated wetting agent
cobalt conversion solution to @ssist in the formation of said cobalt
conversi on coating on said sub§trate. 80.

wherein said wetting agent is

carboxylate is selected

The

is added to said

el ected fromthe group consisting of an
and m xtures thereof

%

The process of Claim76 .8
al kyl fluoride, fluorocarbons, }%CaF[err] MyF[err],
81. The process of Claim 76 Wherein sald cobalt conversion solution is
prepared by a bath makeup seqd@nce conpri si ng: } (a) addi ng
and di ssol ving said netal cardgxylate; (b) Q 3 t hen addlng and
di ssolving said cobalt-11 salt” 82. The processpof C aim
wherein said substrate is contgcted with said cobalt conjgrsipn sol tlonwﬂ
for a tine of about 3 m'nutes%o 60 m nut es. Q o
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