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WO 2006/088520 PCT/US2005/041425 PROCESS FOR SEALING
M%%QRIC ACID ANODIZED ALUMINUMS 5 ORIGIN OIFCT/USZQE} 1041425
INVENTION The invention described herein was made by employee( 53 f1
the United States Government and may be manufactured and used by or
for the Government for 10 governmental purposes without the payment of
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depositing a film or coating onto aluminum and its alloys that have been
phosphoric acid anodized. The coating system comprises phosphoric
ORIGINGF SNVEREREIMINnUMS, a supplemental post-treatment or seal coating,

optimally, an adhesive bond primer or other supplemental coatings.
Phosphoric acid anodized aluminum coatings are very porous and
therefore have poor inherent corrosion 20 resistance. These coatings do,
Mhwaventivay desxdblidticecinesisarpdiperiespldges(siog hietlRer dpagized
coatings would benefit from a post-treatment or seal coating that
Governgnha aod snap e sianfrotacth andithed badydisalyeafectingthe faigdhesion
properties. The performance characteristics of this invention allows the
governieosp burimasicdthocdiziée eoating efaderogetiss thrpeintedibaplications
which are currently unfeasible; to replace 25 chromic acid anodize
aluminum and FPL Etch, both of which contain chromates for
corrosmn prone fatlgue sensmve applications; in all adhesive bonding

FIELD OF THE INVENTION

This invention relates to a process for depositing a film or coating onto aluminum
and its alloys that have been phosphoric acid anodized. The coating system comprises
phosphoric acid anodize alumimums, a supplemental post-treatment or seal coating,
optimally, an adhesive bond primer or other supplemental coatings. Phosphoric acid
anodized aluminum coatings are very porous and therefore have poor inherent corrosion
resistance. These coatings do, however, have excellent adhesive properties. Accordingly

these anodized coatings would benefit from a post-treatment or seal coating that enhances

-corrosion protection without adversely affecting the adhesion properties. The

performance characteristics of this invention allows the phosphoric acid anodized
coatings to be used in unpainted applications which are currently unfeasible; to replace
chromic acid anodize aluminum and FPL Etch, both of which contain chromateé for

corrosion-prone fatigue-sensitive applications; in all adhesive bonding applications where
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Wé'q%%g@ﬁg)n-&rbmafef"bpnd primgrs IS madfe; and,. in genergb
~ applications to reduce fatigue debit and coating weight compared to other
the einsfmaahon<idoiied bondmybndisiisimadatiandomasserbuseopplicasions to
treating phosphoric acid anodized aluminum(s) to maintain and improve
reduce faHigusolebiondreeitiag Wsigbbeiowmansdr Sibge gersn unsienadigsnatings.
relates to the process of sealing phosphoric acid anodized aluminum and
T thyentisn mlntsmiehayscTisdorn wskfingphosibonip esidtreadined: (TCP)
process comprises an acidic aqueous solution containing effective
aluminue) ih Bokinans: iongovatbe-soulisionrivsistant bropeities cddggound, an
alkali metal hexafluorozirconate, at least one alkali metal tetrafluoroborate
specificallid siaxartionoslitenso thdguscesaotivaling phwvspivdoandanadizad
effective amounts of water-soluble thickeners and/or water-soluble
aluminugy fed tnedized stz atiinem Bicdrvdenerkiigsiaieprei-pesmeab(d )
after anodizing by processes employing a variety of sealing processes
process spgpoYEDs Hidls Wupan seibtiopaedokming«foct veeamaunis Jratdesgrone
for anodized aluminum are based on hexavalent 15 chromium chemistry.
water-sohahis vEratend rromivmcppny e rnaliel msokhemtnargeirconsty, ableast
the solutions used to deposit these protective coatings and the coating per
one alkalp mptal fsiralluersbertmand/adierafacrositisalevet Isas o divalaricsnm
and improved corrosion resistance to the anodized aluminum. Typically,
compoug, prd st e arayisief Maistbleibickencey andgraveiasaliple
temperatures and are usually applied by immersion or spray 20
esses. Post treatments can be required by the military and by

commercial specifications that govern each coating being treated. As
Anodignd aluanyds) e 2 “ﬁ’&g v sealed or post-treated after anodizing by

surfac

processes employing a variety df sealing processes and compositions. Current high-
performance post treatments or sealers for anodized aluminum are based on hexavalent
chromium chemistry. Hexavaleﬂt chromium is highly toxic and a known carcinogen. As
a result, the solufions used to deposit these protective coatings and the coating per se are
toxic. These films or coatings do, however, yield good adhesion and improved corrosion
resistance to the anodized aluminum. Typically, seal coatings are deposited onto the
anodized coating at elevated temperatures and are usually applied by immersion or spray
processes. Post treatinents can be required by the military and by commercial
specifications that govern each coating being treated. As such, there is not a unique “post

treatment” specification for all anodize aluminums like there is for “conversion coating”

aluminum.
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treatment” specification for all anodize aluminums like there is for
WO 2BpvEEiYh coating” aluminum. 2 WO 2006/088520 PCT/US2005/041425
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esive bonding performance, but fail to adequately protect the base
in that ﬂWMe enhanced corrosion protection and adhesion bonding e.g. with

coatings such as paint at a low application cost, from a life-cycle cost, environmental, and
OSH perspective, hexavalent chromium coatings are detrimental to both people and the
environment.

In regard o adhesive bonding, phosphoric .acici anodize is being implemented as
an alternative to chromic acid anodize. Phosphoric acid anodize coatings provide
excellent adhesive bonding performance, but fail to adequately protect the base aluminum
from corrosion, While anodize sealers are fypically applied o various other anodize

coatings to boost corrosion performance, they are generally not applied to phosphoric acid

anodize coatings because the adhesive bonding performance is significantly reduced. As

a result, the corrosion protection of a phosphoric acid anodized coating is provided by
chromated bond primers or genera! use primers. Phosphoric acid anodize coatings are

characteristically columnar and porous, thus promoting excelient adhesive bonding

performance. However, the columnar, porous structure also promotes corrosion making
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core, commonly used in military aircrat corrodes quickly in service when

its protective coatlng is damaged and would gready benefit from a

S‘Uﬁﬁ&% pratective.seatar that doies not adversaiy ' impact the 5
du'?&e%f\% L%ill e anodize coating. S'Y OF (r)N This disclosure
relates to aprocess of post-treating or sealing phosphoric acid 10
anodized aluminum and its alloys at ambient temperatures or higher e.g.
ranging up to about 200F. More specifically, this invention relates to
pOSLHEBIAY PHEMHOAE AEfg cEnoIctesH tEtRirmi arseahitdtshanipherto acid

10 ancdBRRYShe cor osiop-resistance a malntaln _adhesjon bonding
ane properties e.g. pam%%c%eas%on gn&‘t %Wgu?m
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adhesion bonding properties e.g. paint adnesion and the like. The trivalent chromium

post-reatment (TCP) composition of this invention comprises an acidic agueons sohution

15  having a pH ranging from about 2.5 to 5.5 and preferably 2.5 to 4.5 or 3.7 t0 4.0, and per
Iiter of said acidic solution, from about 0.01 to 22 grams of é water-soktuble trivalent
chromium coapound, about 0.01 to 12 grams of ap alkali metal hexafluorozitconate,
about 0.0 to 12 0r 0.001 to 12 grams of at least one fluorocompound selected from the
group cnnsisﬁng‘ of ap alkalt metal tetrafluoroborate, an alkali metal hexaﬂuuresiii@

20

and various combinations or mixtares thereof in any ratic, 0.001 to 10 grams of a water
soluble divaient zinc compound, from about & 1o 10 grams and preferabie 0 to 2.0 grams
of at least ope water-soluble thickener, and from 0 to 10 and preferably 0 to 2.0 grams of

at least one water-soluble non-ionic, cationic or anionic surfactant or wetting agent.
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wolitesasdssa acidic solution, from about 0.01 to 22 grams of a veatersainblet1423
trivalent chromium compound, about 0.01 to 12 grams of an allmb metal
lhé»(@:rﬁmfmmn@h&t@ o fiboud Bolotat2opth0dt to 42ditamsafatdeaishone
quor COmpou selected from the, group. conS|st|ng of an alkall metal
blnatlo s Qr m| tures thereof in any ratio, 0 001 to 10

prefe able 0 to 2.0 grams _of at least one Water soluble thlckener and

ﬂmmw%%%m REvsaB i pdhssiory a0 I5RDEP e ALt SHEOSIARCTESITEBRS
non-ionic, cationic or anionic surfactant or wetting agent 4 WO

characteBggH088520 PCT/US2005/041425 It is therefore an object of this
disclosure to provide an acidic aqueous solution comprising a bivalent
chr'mrmimthem@tﬁtpﬂmﬁdhiamtiadkasmmetabmm«&fim@rﬂﬁtreoitiactegaaftdlasolmi(m

. quorob ate ndlor hexafluorofflcate for treatlng phosphoric acid

having 47 P 2 kool e AR AP ORI B G alemt
its C rosi on5 C 'tlcs It is another obj ect of this disclosure to provide a

Gm%ﬁ% AR BRI SETaRa ok PRASIGHOME sinmm
whigh ¢, ins effective amounts of a trivalent chromium salt and a

and its Wﬁ%ﬁéﬂiﬁ%naw for seiding phosphoric acid anodized al uut and its
anodized alloys. 10 It is a further object of this disclosure to provide a

st&bt@é@@@ia@mgétm difstosisyingraopide arihly frOMcAIBa0SE: A D
|n|n a |vaI he[od;n salt and a hexafiuorozirconate for treating
gttt%%&n b Bl SO e AFTS COIRFy SR slbad &

room temper ture and higher.wherein said. acidic solution contains
hexafluorozirconate for treatmg orgseagmz, ¢ phosphoric acid ancdized aluminum and its

alloys at about room temperature and higher wirerein said acidic solution contains

substantially no hexavalent chromium.,

These and other objects of the disclosure will become apparent by reference to the
detailed description when considered in copjunction with the accompanying Figs. 1-9
{photos}.

In a first aspect, there is provided a process for sealing phosphoric acid anodized
aluminum and aluminum allovs to improve the corrosion resistance and maintain the
adhestve bonding strength which comprises treating the anodized aluminum and its alloys
with an acidic aqueous solution having a pH ranging from about 2.5 to 5.3; said acidic
agueous solution comprising, per liter of solution, from about 0.01 to 22 grams of a
trivalent chromium compound, about 0.0!1 to 12 grams of an alkali metal
hexatluorozirconate, about 0.0 to 12 grams of at teast one fluorocompound selected from
the group conswisting of an alkali metal tetrafluoroborate, an  alkali metal
hexafluorosiiicate and mixtures thereof, from about 0.001 to 10 grams of at least one
divalent zinc compound. from 0.0 1o about 10 grams of at least one water soluble
thickener and from 0.0 1o about 10 grams of at least one water- soluble surfactant.

In a second aspect. there is provided the seal-coated phosphoric acid anodized

aluminum and aluminum alloys as defined abowve.

th



substantially no hexavalent chromium. 15 These and other objects of the
disclosure will become apparent by reference to the detailed description
when considered in conjunction with the accompanying Figs. 1-9
(photos). In a first aspect, there is provided a process for sealing
phosphoric acid anodized aluminum and aluminum alloys to improve the
corrosion resistance and maintain the adhesive bonding strength which
comprises treating the anodized aluminum and its alloys with an acidic
agueous solution having a pH ranging from about 2.5 to 5.5: said acidic

naqueousisplutionrepmpeisingijeer liter of solution, from about 0.01 to 22
grams of a trivalent chromium compound. about 0.01 to 12 grams of an
alkali metal hexatiuorozirconate_ about 0.0 to 12 grams of at least one
fluordgempoungisetectethfripimihegroupecansisting iofian 20kl Thetalh no post

u-é%?é‘h‘é%%é?%%»&%u@&@'ﬂé@%m%t@i' dexattuaresiiigate andmixres thereof,
from about 0.001 to 10 grams of at least one divalent zinc compound.
from 0.0 to about 10 grams of at least one water soluble thickener and
from 0.0 to about 10 grams of at least one water- soluble surfactant. In a
second aspect. there is provided the seal-coated phosphoric acid
anodized aluminum and aluminum alloys as defined above. 5
DESCRIPTION OF THE DRAWINGS Fig. | is a photo of phosphoric acid
anodized aluminum, 2024-T3 with no post treatment after exposure to 24
hours (I day) o° ASTM-B 117 neutral salt fog test. 5a

5a
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composition of Example 7 (10 minutes at 100°F) after exposure to 1000 hours (42 days)
of ASTM-B 117 neutral salt fog test.

Fig. 6 is a photo of a phosphoric acid anodized 2024-T3 post treated with the
composition of Example 5 (40 minutes at ambient (75°F)) after exposure to 1000 hours
(42 days) of ASTM-B 117 neutral salt fog test.

Fig. 7 is a photo of a phosphoric acid anodized 2024-T3 post treated with the
composition of Example 7 (40 minutes at ambient (75°F)) after exposure to 1000 hours

(42 days) of ASTM-B 117 neutral salt fog test.

Fig. 8 is a photo of a phosphoric acid anodized 2024-T3 post treated with the

composition of Example 5 (5 minutes at 150°F) after exposure to 1000 hours (42 days)

of ASTM-B 117 neutral salt fog test.

Fig. 9is a photo of a phosphoric acid anodized 2024-T3 post treated with the

composition of Example 6 (5 minutes at 150°F ) after exposure to 1000 hours (42 days)
of ASTM-B 117 neutral salt fog test.
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Fig. 9 is a photo of a phosphoric acid anodized 2024-T3 post treated with
ngmggmsition of Example 6 (5 minutes at 150F ) after expeswgiuddff 425
! (4. N ,ASTM B 117 neutral salt fog test. 6 WO 2006/088520

5 BIEON SBF EHETNVENTION 3FtHE RNENTION More

specmcally, thls mventlon relates to the process of using an acidic

agueous solution having a pH ranging from about 2.5 to 5.5, and
preferably from about 2.5 to 4.5 5 or 3.7 to 4.0 for sealing phosphorlc acid
M# tathintiis imventonislates indhaincesselrsingapasd
substantially improve the corrosion-resistance properties of the anodlzed
solution JaNiTEHE FEP B BEES SN S 55 b BETRbTSBash b B o 4.5
solution comprising from about 0.01 to 22 grams and preferably from
or 3.7 to-h feusealing phpsheric goid medined Anminamnpsddipalieystiubintain its
. trivalent chromium compound e.g. chromium 10 sulfate, about 0.01 to 12
adhesiony bopdingand krshbstontialin enpreys the eemosio-BEspaenoumertiesef the
ne alkali metal hexafluorozirconate, about 0.0 to 12 or about 0.001 to 12
aﬂo“mﬂg T Bryeass preferobly domprisas thegiss ofian widi gelwtion
at least one fluorocompound selected from the group consisting of alkali

comprisig {IpRa AbANbABb a2 sameatiand piefazblr Broainbave 4 Sria §drwams e..

mixtures or combinations thereof in any ratio, and from 15 about 0.001 to
6.0 gmni?o‘)é 3&@%&&%}’@% Fnble tevelens FHrome s grapRYnS aelchEpwiEn

inc compou uch as zinc sulfate. In some processes,
sulfate, d%% dhigt%ﬁ%@%ﬁlﬁ/ PEHERRIEARANOA 19d O mametieah hasums efpt
least oné SISl B i oA oaae abon 0.0 5 13 o0 theut 0001 o I pramand

preferably about 0.12 to 1.2 grams e.g. 0.24 to 0.36 grams of at least one flucrocompound

selected from the group consisting of alkali metal tetrafluoroborates, alkali metal
hexafluorosilicates ;mci various mixtures or combinations thereof in any ratio, and from
about 0.001 to 10 grams and preferably 0.1 to 5.0 or 1.0 to 2.0 grams of at least one
divalent zinc compound such as zinc sulfate.

In some processes, depending on the physical characteristics of the anodized
aluminum e.g. the physical size of the anodized substrate, a feature is the addition of a
thickener to the solution that aids in optimum film formation during spray and wipe-on
applications by slowing down solution evaporation. This also mitigates the formation of
powdery deposits that degrade paint adhesion. Moreover, the addition of thickeners, aids-
in proper film formation during large area applications and mitigates the diluent effect of
rinse water remaining on the substrate during processing from previous steps. This

additive yields films that have no streaks and have better coloration and corrosion
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thickener to the solution that aids in optimum film formation during spray
woahskieerpn 20 applications by slowing down solution evaposaian fis41425

also mitigates the farmation of powdery deposits that deggade %ai%n and

formation during large area applications and mitjgates the diluent effect of
can be prosartipiiie ArkHEAANTD WH HIBHILIR MO VRIS ﬁ@”&‘&ge%%ﬁ’l giéeib%s

steps. This additive yields films that have ng streaks and have hetter

grams and greaRbI T S T DS 2UCTOBB BE PO RSP 38 LB Brictec

idd: "Tfie ate% f~lubl t c~eners such as the cellulos are

: e compounds
about 1.0gramerlier af the precevt minioncHirPsRing RadBR BaRteRTEER o the

_ranging from about 0.0 to 10 grams and preferably from 0.0 to. 2.0 grains
anodized ghaninge. e rEFariy oo w%@@%u@t@fp at deiit P15 avaw-ﬁeﬁf’&sﬁrﬁféaﬂt
aqueous solution. Depending on the characteristics of the g anogize% 0o

or wetting g 6an edied todhs adte rolrtionip SRS PRSI
factant tti t be added to th idi lutj i t
10 grams ARETFIPABN 010 © S S BB RO B0 B3 b S s

and more preferably from 0.5 fo 1.5 grams _e.qg. 1.0, grams per liter of the
o.5. 1.0 SRR IRBAL TAcSAc-ae o e THeEH o BIP6° A58 46 rE e

known in the prior art and are selected from the group consisting of . .
agents ark S A 6 BROBAR: 3 AHREIE ARG STOP SREHPE A
.. added as a water-soluble trivalent chromium compound, preferably as a
cationic g ARioNiH s It. Specifically, in formulating the acidic aqueous

R s mion e o b I ner
compougg,rggtigr%i@ glsug, n%ﬁ;gl%rnt chromium salt. Speciﬁpaﬂy, in formﬁlating the acidic
aqueous solutions of this invention, the chromium salt can be added, conveniently, to the
solution in its water soluble form wherein t.he valence of the chromium is plus 3. For
example, some of the preferred chromium compounds can be prepared in solution in the
form of Cro(SO4)s, (NH)CH(SO4): or KCrx(80,); and any mixtures or combination of
these compourids. The aluminum substrates are either phosphoric acid anodized

aluminum or anodized aluminum alloys containing about 60% or more by weight of

aluminum. A preferred example of trivalent chromium concentration is within the range

of about 4.0 to 8.0 grams or 6.0 grams per liter of the aqueous solution. It has been found

that particularly good results are obtained when the trivalent chromium compound is
present in solution in these preferred ranges. The preferred metal fluorozirconate addition

to the acidic solution ranges from about 6.0 to 10 grams or 8.0 grams per liter of solution.
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15 example, some of the preferred chromium compounds can be

wPseRargdp solution in the form of Cr2(S04)3, (NH4)Cr(SO4)2-8i:s2005/041425
éicéirz S04)2 and any mixtures or combination of these compounds The,

appesralne hhthambosphssinenid avrizsda

anodized aluminum aIons containing about 60% or more by weight of

- out at logy, iATARGFANASD fule ARRIEAEINISRE OF TOORICAREITSMIG AT &b edRtmaluess

. within the ranﬁe 20 of about 4.0 to 8.0 grams or 6.0 grams per liter of the
ranging 4p e 3hewA0Rdh. Repm buerersting trepimsatismesfyresbin ibattisre

obtained when the trivalent chromium compound is present in solution in

eliminaigsthe peerasitydon hgaiog ravipmente d ivceakiersvéng Esmbe o diied bipany

the acidic solution ranges from about 6.0 to 10 grams or 8.0 grams per
of the mgthods g&ﬂ}’ﬁ%ﬂ 1o\ AOB SRBBROPETIOEDB ST asirping, exposure to
Irb‘ath4enC'br™ sealng =of the phosphoric acid anodized aluminum can
-re%gméa d She Bkrour eriperetescd Buig iavb e e Higrs gbpsphoric acid
temperature or at temperatures ranging up to abqut 200F. Room
ARt anlizeda) il Rde umine et decllosmy for

heating equipment. The seal coating may be air dried by any 5 of the
phosphqﬁn&m Wtﬁ?ﬁ:l‘l’dmxﬁﬁéh% n drying, forced air drying,

. ﬁ(gosure to infra rﬁd ;‘5‘%”1 an ’%ﬁe %ﬁﬁ%@g@%@%@m
e S R e AR D B R o
sl SRR e o TR

oo LSRG FRL RS 0041 FO AP LNESES

grams per liter of the fluorozirconate salt, about 4.0 grams per liter of fluorosilicate is
added to the solution. For example, an altemnative is to add about 0.01 to 100 weight
percent of the fluoroborate salt based on the Weight of the fluorozirconate salt.
Preferably, about 1 to 10 weight percent e.g. about 3% of the fluoroborate salt can be
added based on the weight of the fluorozirconate salt. A specific example comprises
about 8.0 grams per liter of potassium hexafluorozirconate, about 6.0 grams per liter of
chromium T sulfate basic, about 0.1 to 5.0 grams per liter of divalent zinc sulfate land
about 0.12 to 1.2 grams per liter of potassium tetrafluoroborate and/or hexafluorosilicate.
An important result of the addition of the stabilizing additives i.e. fluoroborates and/or
fluorosilicates is that the solution is stable while the pH is maintained between about 2.5

and 5.5. However, in some cases the pretreatment solutions may require small
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fluorosilicate is added based on the weight of the fluorozirconate. In other
wovandasten®@.0 grams per liter of the fluorozirconate salt, abogi4,@ iagiei1423

ez RELJIEr of flu ilicate is added tg the solution. For example, an

aistin G ol B i aiorcb piseibis AR St asdilotn BRhs bise o
. .. flyorobprate salt based on the weight of the fluorozirconate salt.

maintai S L (R ORET 8 SO 8.5 R (O e o AP AoBhate

It can be, added based on the weight of the fluorozirconate salt. A

B CRRRRSLRSE: 7 utdon san alse) (aiae ginc rerprpBdadsiGather
) hexafluorqzirconate, about 6.0
improve, g CORANIP I E B FLihe peRhair asich dinad

0,12 t%é.éggrams per liter of potassium tetrafluoroborate and/o
composans iRt SSROLEPAR HH ERARHE RESATHIAAdSd dihe sumBsaenEi they

additives j.e. flgloro,borates and/or fluorosilicates is that the solution is

solution g1, g IBisT Ao bEsd Pt ue Susther ghsmigabwever, in

. e cgses.the pretreatment solugjons may require small 9 WO
mpﬂ%gggyc?&g%ﬁ /%%‘2‘6’6‘56%&&9 ed, 5y autiAhg ek eonrenyd thakiition
. of,effective ounts of a dilute acid or base to, maintain the pH in the
dissolve. i WHict 4 0F S50105 R TAERGR FNEER S8 koot pps and s

compatible: I#%%Q"ﬁé?amd solution can alsq cpntain zinc compounds to fyrther

iMprov FSOTRPISEL TG PSR oo unds thabers eartsalaslys
mpared.to 5 compositions that do not contain divalent zinc compounds.

preferre R0 T X 2 b R a A0 LRl EF RSP e
ed.wi urther chemical nipulation. The divalent zinc gan be .
oty b S T TR A A LS SRRt hereof in

any 1,a]ﬁ[)c_equired concentrations ranging from 0.001 to 10 grams and is

The following Examples illustrate the stable seal-coating solutions of this
invention, and the method of using the solutions in maintaining the adhesion properties
while improving the corrosion-resistance of phosphoric acid anodized aluminum and its
alloys.

EXAMPLE 1

TCPSPZ2

A stable acidic aqueous solution having a pH ranging from abowut 3.45 1o 4.0 for
post-treating phosphoric acid anodized aluminum and alominum alloys to provide a
corrosion-resistant and a color recognized coating thereon which comprises, per liter of
solution, about 3.0 grams of trivalent chromium sulfate basic, about 4.0 orams of

potassium hexafluorozirconate and about 1.0 gram zinc sulfate.

10



10

compatible with the other components in the solution. Compounds that are

whaiigiekardy10 preferred include, for example, zinc acetate, zipgfakNiI€041425

zinc tetrafluoroborate, zinc lybdate, zinc hexafluorosilicate, zinc sulfate
and the like or any combinati et vgin any ratio. The following
Examples illustrate the stable seal-ﬁgiting solutions of this invention, and
the method of using the soluti ' intaining the adhesion properties
15 while improving the corrosion-resistance of phosphoric acid anodized
aluminum and its alloys. EXAMPLE 1 TCP5PZ2 20 A stable acidic

agueous splution having.a pH ranging from abqut 3.45 to 4.0 for _,
BoSAble 363 S B D AR TSR RSP AR RRCiAEs 1o
. provide a corrosign-resisiant and a cglor recognized coafjng thereq
alumingy d GRUER 2Heysite BTka AR s EeRS" bPaﬁ?&%ﬂﬁﬁ%m fhich
_chromium sulfate basic, about 4.0 grams of potassium .
compriSg3, G B LR BBl EB T DIRG9 588520

sbout 4 e PSR R PR D PR R oo

aluminum alloys to form a corrosion-resistant coating thereon which
tetraflugg &s, per liter of solution, about 3.0 grams of trivalent chromium
sulfate basic,

EXAMPLE 3

TCP5SB3Z24

A stable acidic aqueous solﬁtion for post-treating phosphoric acid anodized
aluminum and aluminum alloys to provide a corrosion-resistant and a color recognized
| coating thercon which comprises, per liter of solution, about 3.0 grams of trivalent
chromium sulfate basic, about 4.0 grams of potassium hexafluorozirconate, about 0.12
grams of potassium tetrafluoroborate and about 2.0 grams of divalent zinc sulfate.
Table 1 shows the corrosion ratings of three Examples for post-treating

phosphoric acid anodized aluminum alloys of this invention in comparison to the

_ composition of Example 2 coatings. Example 3 (TCP5B374) and Example 1 (TCP5PZ2)

on average had higher ratings.

11



about 4.0 grams of potassium hexafluorozirconate, and about 0.12 grams
woahpotassiom tetrafluoroborate. 10 EXAMPLE 3 TCP5B3Z4p&ustables/o41425

acidic aqueous solution for post-treating phosphoric acid anodized

aluminum and aluminum alloys to provide a corrosion-resistant and a

color recognized 15 coating thereon which comprises, per liter of solution,

about 3.0 grams of trivalent EABEE I sulfate basic, about 4.0 grams of

potassium hexafluorozirconate, about 0.12 grams of potassium

CorrosyemRasistenss el Brsphoradseist dapsizsruitaiRsnlonng S0tded Srhlweinum

shows the corr05|on ratln s of three Examples for post-treatin
Ao peitsmd £8 sEFsRashER & id Mearosalh gﬂ?ﬁbarlson

to the 20, composmon of Example 2 coatings. Example 3 (TCP5B3Z4)
5 and Example | (TCP5P72)_on averaderaeraiam Revdiintis_11 \WO.

Applioghle/0gdHH P&B‘fﬂ‘:ﬂﬂ@ﬂﬂ@ﬁ @Wﬁﬁg@’ d,omo’z‘ke%lstﬁ@g or
Patapft s nho ROReSiIendi or. BHIEE 1 T3 \IEBIRE  n\IRMEE

=7
USP 5»5(1WH EFgREZposyre to ASTM| 8 117 Neutral Salt Spray 5 Immersion

conditioggApplicable [T CP 8ealeriAanbight/10 Ambien/40 1OOF/19-
This Invdmseh/5-Heiepls somposition minyte minute minute minute YSP

USP 6,66390) 53 ple 2

USP 6,669,764 ?Bé% 0 i 0 8
This Invention, |[Example 1

USP 6,663,700,

USP 6,669,764 ISPZZ 0 7.7 1.7 6

;Note: Each rating is the average of 3 identically coated and exposed panels
Corrosion ratings per ASTM D 1654

- EXAMPLE 4

Add 3.0 grams per liter of chromium I sulfate basic and 4.0 grams per liter of o
10  potassium hexafluorozirconate to specific volume of deionized water. Maintain pH
between 3.25 aﬁd 3.60 for 14 days using dilute potassitum hydroxide or dilute sulfuric
acid. After 14 days, adjust pH to 3.90 +/-0.05 and let sit overnight. Solution is ready to

use,

EXAMPLE 5
15

Add 3.0 grams per liter of chromium I sulfate basic, 4.0 grams per liter of

potassium hexafluorozirconate, and 0.12 grams per liter potassium tetrafluoroborate to

i2



"58306,75.73 V S 'sinvention ple 3P 6,663,700, ,| 324 USP
w(H266%3640 1 08 ~ his Invention, ple 1 IDSP 6,663,700 , ~P2&IS632005/041425

10

15

e L U ST
PLE 4 Ad er of chromium 11l sulfate basic and 4.0
until p ngaml\g p%e ter o% ié)#éf (Z?Dfﬁ BUORIS Jf&¥10 specific volume of

deionized water. Maintain pH between 3.25 and 3.60 for 14 days using
dilute potassium hydroxide or d|Iute sulfuric acid. After 14 days, adjust pH
to 3.90 +1-0.05 and let sit ovegnight, Solution is ready-to use. EXAMPLE
5 15 Add 3.0 grams per liteF-éFcfroftr [l sulfate basic, 4.0 grams per
liter of potassium hexafluorozirconate, and 0.12 grams per liter potassium
tetrafluoroborate to 12 WO 2006/088520 PCTIUS2005/041425

ific've'liuYle,"t5f'i3eiood'f. L et solution stgnd f rapprQX| ately 10
TRIE 4 Kk 1 BE0R0G S AT e R e midn

ysS, of

Solution is ready to use.

EXAMPLE 7

To Example 5, add 2.9 grams per liter of zinc sulfate during initial mixing.

Solution is ready to use. -

EXAMPLE 8

Post treatment coatings were applied to anodized aluminum as follows. The
phosphoric acid anodize process per ASTM D 3933, “Standard Practice for Preparation
of Aluminum Surfaces for Structural Adhesives Bonding {Phosphoric Acid Anodizing),”
was followed throughout. Immediately after anodizing 3” by 10” by 0.32” aluminum
panels of 2024-T3 aluminum alloys by the Phosphoric Acid Anodize process, the panels

were rinsed thoroughly two times in dejonized water, Immediately after rinsing, the

_panels were immersed into a solution of either Example 6 or 7 for 10 minutes at ambient

conditions. The immersion was immediately followed by two deionized water rinses.
The panels were air-dried at ambient conditions before being subjected to neutral salt fog

per ASTM B 117. The coupons were held in a rack at 15 degrees for the duration of the

13
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15

20

until pH rises to between 3.75 and 4.00. Solution is ready to use.
wOoRNENERESE6 5 To Example 4, add 1.0 grams per liter of zinc mulfatexehavings2s

o ||a ixing...Splution is ready to use. PLE 7 To Ex e b, add
st Conp nt m mg ﬁu %?y § %

eady to
use. EXAMPLE8 Post treatment coatings were applled to anodlzed

alongside {, sRiRT . The 15 phosphoric acid anodize process per ASTM
D 3933, "Standard Practice for Preparatﬂqléw of Alumlnumgg urfaces for

F@?&%@Ms‘é‘% € followed
throughout. Immediatel after anodizing 3" by 10" by " alJuminym
composiignt EXBIRIETS B finki: disjety B A RORUEA B AR

process, the panels were rinse orou hly two tim e‘?ﬁm deioni dwatgf;

exposurs Al ?e?‘i‘rﬁ%ﬁﬂﬁfagzo Eifrd Bt RIGK!

. either Example 6 or 7 for 10 minytes at amblent conditions. T

lmmveﬂﬁmmmgtﬁ%@m%%% BRI P ARE Ol The
panels were air-dried at ambient conditions before being subjected to
neutral salt fog per ASTM B 117. The coupons were held in a rack at 15

degrees for the duration of the SO 2006/088520 PCT/US2005/041425
f pkosplaone acid anodizedtPRAFAgt-Sealed were tested

Test specimens were anodized as in Example 8. In this exampie, the
compositions (solutions) from Examples 5 and 7 were heated to 100° Fahrenheit and the
panels were ithmersed for a total of 10 minutes. Fig's. 4 and 5 (photos) show corrosion
performance of these coatings after 1000 hours of neutral salt fog per ASTM B 117. Itis

evident that the composition of example 7 is an improvement compared to the

composition of Example 5.

EXAMPLE 10

Test spec-imens were anodized as in Example 8. In this example, the
compositions (solutions) from Examples 5 and 7 were kept at ambient conditions, about
75° Fahrenheit, and the panels were immersed for a total of 40 minutes. Fig's. 6 and 7

(photos) show the improved corrosion resistance of these coating after 1000 hours of

neutral salt fog per ASTM B 117.

i4



fesf C~(r)ntr(r)1'co'iip(r)nso alongside the subject coatings. Figs.2 and 3
wphatesyshow the performance of post treatments from the gaMpoSdiBAR1425
of Examples 5 and 6. Fig; 1 (photo) shows an unsealed PAA panel after 5
exposure to ASTM B 117 nédd paViEMERY The post treatments of Figs. ?-
and 3 provide improved corrosion resistance compared to the no
post-treatment coating of Fig. 1. EXAMLE 9 10 Test specimens were
anodized as in Example 8. In this example, the compositions (solutions)
FrshnecmeR Y sraAmrrizedanindeamp'ech FRAMFEEe e panels
were |mmersed for a total of 10 minutes. Fig's. 4 and 5 hotos) show
composiigts (OO ARENES TPRIES S EebAntRERT060 FU Ermlansdihe
fog per ASTM B 117. Itis evident that the composition of example 7 is an
5 panels wWesisvarieed Fasatalefominpies o Figssilisab P sbminskshow, psion
10 Test specimens were anodlzed as in Example 8. In this example, the
resistaneg)f ShssosrsResaftatid ROP Aoksok aﬁlf E&AE bfmbient
conditions, about_ 75 Fahrenheit, and the panels were |mmersed for a

o SRIpREeR e pRosioR s E il EHelihe Exapricereed oBion

resistance of these coating after 1000 hours of neutral salt fog Sger ASTM
numeriqgl 7308 SRR A AMoRaEY Pl o SFd pnatiod possible

score is 10, meaning substantially no corrosion is evident on the test panel. Ratings

10 decrease to 1, which represents substantially 100% corrosion of the panel surface. From
the data in Table 2, it is evident that the process of this invention is an improvement over

previous processes used for post treating or sealing phosphoric acid anodized aluminum

and its alloys.

15 TABLE 2

Numerical corrosion ratings of the panels treated with the compositions
(solutions) and the process of this invention, based on ASTM D 1654, had ratings as high
as 10 (no corrosion) to a low of 1 (fully corroded) where there was no post-treatments,

20 The ratings comprise an average of three rated panels for each condition.



25

36

EXAWLE. Test specimens were anodized as in Example 8. In this

wE%amigsine compositions (solutions) from Examples 5 and fcwareons/041425
heated to 150 Fahrenheit, and the 5 panels were. immersed. for a total of

'Co impoSHiAsE Flg s.7 and 8 (photef’#@m%%%w@sstance of these
Aq"w%«éfﬂ#g% ReBidAI00 NoUrSDhBhke Al Salt TOgeF Aad WiB LIL0Foma 3
Solgtigtpare pep@EAsion 1 ReFesult fﬁﬁ@Example (baﬁgg on

numerlca{mﬁtmﬂom AS(?Mﬁ;Ba}ﬁB4 In mratlng

best posﬁ) le score is 1(j ani subst% orrosign is ev, d
on the tegt’ o} gﬁﬁfdﬁatm {% 'fgéase to &rese e te i‘?}
substantl ) o orros -+ o nel surface. From the data in Table

" tAtSHve I OR-1S-an IlII[JIU' IICIIL over

Btasses sed for post treating pr seallng phosp oric aC|d

-,n 1l_'l'l\rll_")l\.

el all
UILCU l IIIIIIUIII allul 1)

ngs oft e panels treat 1 com osﬁ?

Examply 0 (no co ﬁgn "OATs ow 0 ‘ﬁﬁg*corro g‘iiﬁﬁ@g@ ere | g%bgu

¥ -'

PDOS tr &) . '[F H) C tF! V
ExamPpanels fobes TN - o 2006104590 0k /usz it

Eiampl

\J UIllpUb l]l I"I'(U\.,I'_'DD \.,UIV IVIUI\lD I-\qUUUUb I-\L,IUIL, ILHIIUIUHL F\IIIUIBIIL
X100F and 10 X150F and 5 Solution temperature ,temperature minute
inute

For purposes of this invention, the water soluble surfactants or wetting agents can
be added to the trivalent chromium solutions in amounts ranging from about 0 to 16
grams per liter and preferably 0.5 to about 1.5 grams per liter of the trivalent chromium
solution. The surfactants are added to the aqueous solution o provide better wetting
properties by lowering the surface tension thereby insuring complete coverage, and a
‘more uniform film on the coated substrate. The surfactants include at least one water
soluble compound selected from the group cousisting of the non-ionic, anionic, and
cationic surfactants. Some known water soluble surfactants having the solubility at the
required concentrations include the monocarboxyl imidoazoline, alkyl suifate sodium

salts (DUPONOL®), tridecyloxy poly{aikyleneoxy ethanol) ethoxylated or propoxylated

_ alkyl phenol (GEPAL®), alkyl sulfonamides, alkaryl sulfonates, palmitic alkanol amides

(CENTROL®), octylphenyl polyethoxy ethanol (TRITON®), sorbitan monopalmitate
(SPAN®), dodecylpheny! polyethylene glycol ether e.g. TERGITROL®, alkyl
pyrrolidone, polyalkoxylated fatty acid esters, alkylbenzene sulfonates and mixtures

thereof. Other known water soluble surfactants include the alkyl phenol alkyloxylates,

i6
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15

(75F) and 1(75F) and immersion = rsion 10 minute 40 minute mple 9)
wBsaemphsabl) 6mersion rsion ~Exampk 8 ie 10 Control (no ppstriiaites 841425
hours. A A .treatment xample 5 A 6.7 after 1000 5.7 after 1000 3 after

' preferdbly gy Eomilphenel ghriondaten, andide vesinipaEetie sedactans,. haiog at

1000 .7 after 1000 after 1000 NSF , ours NSF hours NSF ours NSF
least ongsulioupie/syhatient i thephrayl rou, ankthecdd @ siedetiglonsrxiturgth
NSF ' ours NSF Tours NSF For purposes of this invention, the water
fatty amipgsy, QhsHkspmsier salnblegempovads predowedin Hurfvtdntsand
. chromium _solutions in amounts ranging from about 0 to 10 grams per liter
DeterstugSystemsantytbished by dobn Bilenis fansirKatu(hnerds inchicbopadia 26

. solution. The suﬂgfactants are added to the aqueous solution to provide
Chemicgl ¥ethpalagy, Hréiserties by lowering the surface tension thereby insuring

R I St e coated b The
e FEREESIA SRR ER B tonc o elene sutagans
i B Rt v
soluble %Q&(éﬁggg gv 1R OB Lla&ggd to the trivalent chromium solutions in effective
amounts e.g. a sufficient concentration ranging from about 0 to 10 grams per liter and
preferably 0.5 to 1.5 grams per liter of the acidic solution. Specific examples of some
preferred thickeners include the cellulose compounds, e.g. hydroxypropyl cellulose (e. .
Klucel), ethyl cellulose, hydroxyethyl cellulose, hydroxymeihyl cellulose, methyl
cellulose and mixtures ther;of. Some of the less preferred thickeners include the water
soluble inorganic thickeners such as colloidal silica, clays such as bentonite, starches,
gum arabic, tragacanth, agar and various combinations.

After preparing the surface to be treated via conventional phosphoric acid
anodizing techniques, the solution can be applied by immersion, spray or wipe-on

techniques. The solution also can be used at elevated temperatures up to 65°C and

~optimally applied by immersion to further improve the corrosion resistance of phosphoric

acid anodize coatings. Solution dwell time is about 1 to 60 minutes, depending on the
solution temperature and concentration of the solution. After dwelling, the remaining
solution is then thoroughly rinsed from the substrate with tap or deionized water. No

additional chemical manipulations of the deposited film are necessary for excellent

17
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alkyl phenol (IGEPAL(r)), alkyl sulfonamides, alkaryl sulfonates, pahnitic
woakkrnekamides (CENTROL(r)), octylphenyl polyethoxy ethagelr/gs2o0s/041425
(TRITON(r)), sorbitan monopahnitate (SPAN(T), dodecylpheny!
erformpRie HowRE G WtRRbEtion of s RonRwidizngkpletonycaolidolds film
b polyalkoxylated fatty acid esters, alkylbenzene sulfonates and mixtures
with impeofed compsipR eI beladditionsheoarnsiorderisiahes dikptashaed|to
alkyloxylates 16 WO 2006/088520 PCT/US2005/041425 P ,,. ....nY
be due 1o hgravalgnt chroprum formpd fosbadilm Gomihs vivident shionitum. The
surfactants having at least one sulfonate substituent in the phenyl ring,
aqueous EAlE SOrRNSIEr AT, Rer PRI oMM A BRIy kAP IOWES Hnsigrdater
soluble compounds are found in "Surfactants and Detersive Systems",
replace BumREFoR Bipksh A MisrspeetdHsiredmeOmivscheniopt oplutia 615 about
Chemical Technology, 3' Ed. When large surfaces do not permit
1,000 2afipns teighasit é‘?e%@‘%ﬁl%urfaces are to be sprayed, thickening
gents are added 1o retain the aqueous solution on the surface for
g&ﬂ thisdnventigndrshrabilityné fhis pretsativm sarloronting tnd
organic water soluble thickeners which can be added to the trivalent
provide ?dlll‘ﬂﬁﬁll@% aeHsanpdiredmnetinga wish serwogion msineron beftrramatienst
, rangl about 0 tg 10 grams per liter and preferably 0.5 to 1.5 grams
equivalent E@‘A’EHF@@SI Bawsﬁé%#&? srefusresvithsepiaries slegadc, boric-

thlck ners include the cellulose compounds e.g. droxypropyl cellulose
sulfuric, 0 othet Knpva 5. e bk Bk bosg R hofore and

ceIIuI?Fse eth J cellulose |xtures thereof Some of the Iess
Bl

offers nB W, (‘éarlgomstfaa P ﬂ rac:u;l, anodized in corrosive environments

......

that were not previously possible. Phosphoric acid anodized aluminums have a major
advantage over these other coatings in that its coating weights are typically 10 to 50 times
lower. This yields significant weight savings and lower fatigue debit to structural
aluminum alloys. In addition, this invention has the ability to enhance the performance of
phosphoric acid anodize coatings currently being implemented as an adhesive bonding
alternative to chromic acid anodizing. Phosphoric acid anodize coatings that have not
been post ireated are known to have inferior corrosion resistance, but are known also to
have excellent bonding characteristics. This invention increases the corrosion
performance of the anodized aluminums, while maintaining the adhesive bonding

strength of the coatings. The terms, for purposes of this invention, “solubility” and

“water soluble” mean water solubility of the chemical compounds used in the solutions of

this invention at least at the concentrations set-forth herein.

i8



15 soluble inorganic thickeners such as colloidal silica, clays such as
wdenmmntgstarches, gum arabic, tragacanth, agar and variougcr/us2005/641425

comhinations, After. preparing the surface to be treated via conventional
E%BLf‘p i%&ﬂﬁ%@%ﬁﬁ?@rgmh@ébytﬁ@wmwféﬁw@maayit is
. ___immersion, spray or wipe-on technigques. The solution also can be used at
obviousdpat thege as sbier rariations gubngsatmotipnaraich sanbe mpdemithoun
. to further improve the corrosion resistance of phosphoric acid anodize
departing Somybemiiiiind Aapamtthe dnemtipans parisulady seplnthiig e the
solution temperature and concentration of the solution. After dwelling, the
appended 3y solution is then thoroughly rinsed from the substrate with tap or
deionized water. No additional chemical manipulations of the deposited
film are necessary for excellent 17 WO 2006/088520
PCTIUS2005/041425 jr performance:owever. an application of a strong
oxidizing solution can yield a film with improved corrosion resistance. The
additional corrosion resistance is presumed to be due to the hexavalent
chromium formed in the film from the trivalent chromium. The aqueous
sealer composition may be sprayed from a spray tank apparatus designed
to 5 replace immersion tanks. This concept also reduces active chemical
volume from about 1,000 gallons to about 30 to 50 gallons. Another
feature of this invention is the ability of this protective seal coating to
provide the phosphoric acid anodized coatings with corrosion resistance
better or at least equivalent to other known sealed anodic coatings
produced with sulfuric, chromic, boric 10 sulfuric, or other known
compositions. This capability has not been available before and

15
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offers new potential applications for phosphoric acid anodized in corrosive
environments that were not previously possible. Phosphoric acid
anodized aluminums have a major advantage over these other coatings
in that its coating weights are typically 10 to 50 times lower. This yields
significant weight savings and lower fatigue debit to structural 15

.. @luminum alloys. In addition, this invention has the ability to enhance the

k”—Lﬁ’érg%rmance of phosphoric acid anodize coatings currently being

1 implemented.as an aghesine-Ronding, a[Laenalive 16-¢ Brerieagithn aiioys to
anodizing. Phosphoric acid anodize coatings that have not been post

impteated arerkaowrinhave inferarearrasioriresistance]ilutasedmonvat:
also to have excellent bonding characteristics. This invention increases

conthesesrresing JG peLoRhACE B hEahbe sy alkhiat FEdWRflesous soiution
maintaining the adhesive bondln strength of the coatlngs The terms, for

ﬂawﬁc%égaa@wgfmm%n-wm i 3&&%&%%%%8? AT SR RARE  Per
o SQlublity of.the chemical comp qtg&dsy%eﬂ lagéh%%%gnsﬁ%wa@m about

invention at least at the concentrations set-forth herein. 18 WO
0.02006/088320:PL TS 2005/04 142 Whikeildns dpvbriton liagheend: at least

described by a number of specific examples, it is obvious that there are
ondtherocanations asidomodificatierns whichresityearadeiwithetie’ departing

from the spirit and scope of the invention as particularly set forth in the
zetrgbzﬁfgﬁa@@@aqﬁ-]g[hg Testgigexafiucrosiiicate and mixtures'thereof, from about
0.001 to 10 grams of at least one divaient zinc compound, from 0.0 to about 10 grams of
at least one water soluble thickenar and from C.0 1o about 10 grams of at least one

water- soluble surfaciant.

2, The process of Claim 1 wherein the ph of the acidic agusous solulion ranges
from about 3.7 to 4.0 and the temperature of the acidic agueous solution ranges from

about ambient to 200°F

%

3 The process of Cianm 1 wherein the trivalent chromium (s a water soiuble
compound ranging from about 4.0 to 8.0 grams, the alkall metal hexafiuorozirconate is &
waier soluble compound ranging from about 8.0 o 10 grams, and the fluorecompounas
are water solubie compounds ranging from about 0. 12 to about 1.2 grams

4. The procass of Ciaim 1 whersin the thickener ranges from about .5 to 1.5 grams

and the surfactant ranges from about 0.5 to 7.5 grams

20



20 19 CLAIMS 1. Process for sealing phosphoric acid anodized
aluminum and aluminum alloys to improve the corrosion resistance and
maintain the adhesive bonding strength which comprises treating the
anodized aluminum and its alloys with an acidic aqueous solution having
a pH ranging from about 2.5 to 5.5: said acidic agueous solution

. COMRLSG, er, Mer of SNNon oM 3Bouh B 19.3% ai glaciyalent

chronidm compound aboLit gra an alkali meta
atuS&Q&Q{QF'fPQP%F%DMEQ&tﬁo%?aq;@m ’@i @5 te854:@RR and the treated
fluorocompound selected from the group consisting of an alkali metal
ancteteafislorohorates ansadkathmetat exaflu erasiileaterandanivdsresthe reof;
from about 0.001 to 10 grams of at least one divalent zinc compound.
200ffom 0.0 to about 10 grams of at least one water soluble thickener and
from 0.0 to about 10 crams of at least one water- soluble surfactant. 2.
The process of Claim 1 wherein the pH of the acidic agueous solution

g ranges f!&@sé%ﬁ%‘éﬂ 1949404 the temperature, of the agidic agueous: i

solutioni ranges from about ambient to 200F The process of Claim 1

the WhErely the ivaleni-chremiumsis-awaiessolitdle: cempoargddiangingtrom
about 4.0 to 5.0 grams. the alkali metai hexafluoroziroonate is a water
soluble compound ranging from about 6.0 to 10 grams, and the
fluorocompounas are water soluble compounds ranging from about 0.12
- to abBUPPEYrams 28 THE PRICERs Br eFalh I WHaret the thitkerés e

nges fr from about 0.5 to 1.5 gram
chromz m sulfate.

8. The process of Claim 1 wherein the alkali metal hexafiuorozirconate is potassium

hexafiuorozirconaie.

b2



and the surfactant ranges from about 0.5 to .5 grams. 20 The process of
Ciaim 1 wherein the fiuorocompound is present in the acidic aqueous
solution in an amount ranging from about 0.24 to 0.36 grams and the
treated anodized aluminum is subsequently washed with water at
temperatures ranging up to 200F. 6. The process of Claim 1 wherein the
thickener is a celiulose compound present in the acidic aqueous solution
in amounts ranging from about 0.5 to 1.5 grains per firer. 7. The process

¢ Of Glaip duwheretdhe thivalamt ehromiun: compoundisisaient trivaien:
chromium sulfate. 6. The process of Claim 1 wherein the alkali metal

chrdmexafludrazireopatetisrpatassivum cheXaflaorezireariate2iag The process
of Claim 1 wherein the trivalent chromium compound is trivalent

hexelHerpiRY S AR PARTGIHG ERT AR 2 D68 D ETENMS HRP Ak S retal
hexafluorozjrconate is | rﬁ % assium hexafhiorozirc qnate F%ggcng from abou

&

972760 3“1 6= grams] B! i metar

éﬂ%al?%aétf?ai)tea‘trafluoro%oraﬁe or a aTl me al“ -

rronh?é&}ru@‘%%‘@aﬁ% ranges from about 0.24 to 0.36 grams. 10. The process
Claim wherein the divalent zinc compound is at least one of a zinc

acetateand a zinc sulfate. 11. The process of Claim 1 wherein the water
soluble surfactant is selected from the group consisting of water soluble
10. nontioniccognonicCarith dativeie s tifadias: zine compound (s at least one of &

zinc acetateand a zinc sulfate.

11 The process of Claim 1 wnerein the water soluble surfactant (s selscted rom the

group consisting of water soluble non-ionic. anicnic and cationic surfactants,

12, The process of Claim 10 wherein the zinc suifate is present in the aqueous

solution in ar amount ranging from apout C.7 to 5.0 grams.

19 The process of Claim 1 wherein the tivalent cnromium compound is Shromium
sulfate present in the aguecus solution in an amount ranging from 4.0 to 8.0 grams. the

mixiure of alkal

17



12. The process of Claim 10 wherein the zinc sulfate is present in the
agueous solution in an amount ranging from about 0.1 to 5.0 grams 13.
The process of Claim 1 wherein the trivalent chromium compound is
chromium sulfate present in the aqueous solution in an amount ranging
from 4.0 to 8.0 grams. the mixture of alkali 22 meta! tetrafluoroborate and
alkali metal hexafiuorosilicate are present in the aqueous solution in an
amount ranging from about 0.001 to 12 grams. 14, The seal-coated

meRhRsPRQHG aGIg anedized, aluminum.and Alumipwn.alloysof, Glaim Zous

soiution in an amount ranging from about 6.001 to 12 gram

3]

14 The seal-coalad phosphorie acid anodized aluminum and aivminum alloys of

Claim 1.
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