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PROCESS FOR SEALI NG PHOSPHORI C ACI D ANODI ZED ALUM NUMS

ORI G N OF | NVENTI ON The invention described herein was
worawe/0k8s2@npl oye ) of the United States Gover nPERNUSZNE041425

may be manufactured and used by or for the Governnent

for governnental purposes w thout the paynent of any

royalties thereon or therefor. BACKGROUND OF THE

PRt S0k, SEALYCLREOSEHARIoA Ol AN GoIAH T A s

onto alum numand its alloys that have been phosphoric
acid anodi zed. The coating system conprises phosphoric
j j | um nunms, a suppl enental post-treatnent
(ﬂUIHﬂQM? i Nag, optimal Iy, an adhesive bond priner or
ot her suppl enmental coatings. Phosphoric acid anodi zed
al um num coati ngs are very porous and therefore have
poor inherent corrosion resistance, These coatings do,
Hdweanvantion slgecribed Bereimwag miade by emplayge(s} ¢idbe United States
Accordi ngly these anodi zed coatings would benefit from
Govermngrd abd tray demeatufatured ahd osedtbynar fohihe Goveamaad for
corrosion protection without adversely affecting the
governafthes p@pobdsopithdut e ﬁ)é’&h&nDGI T roPdl6es hbRbAGE MHekdfbr, CS
of this invention allows the phosphoric acid anodized
coatings to be used in unpainted applications which
are currently unfeasible; to replace chromc acid

B&Wﬁmgﬁ Et ch, both of which contain

T COTTOSIomn-prone fatigue-sensitive

(HoF: < all adhesive bondi ng applications
FIEL Erc he G%IBITI{I)EI general use applications to

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 aluminums, 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 chromates for

corrosion-prone fatigue-sensitive applications; in all adhesive bonding applications where
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reduce fatigue debit and coating wei ght conpared to
ot her general use anodi ze coatings. This invention

woeb@i8ss200 a process for treating phosphoric RCTAS2005/041425

e i a00di zed al.uni.nyn(s) to maintgin and inprove the .

the trandHiP S0 et By ad PROSEE Fade: angy & asperal yeappligations to
this invention relates to the process of sealing

reduce fpfigneslebitiand geatingavrightcomparadio wther geeeralrisdiapedize coatings.
al um num al |l oys. The trival ent chrom um post-treat nment
THiCRveptior adatesciomprocss farireating phosphortoaid anddizedon
containing effective anobunts of at | east one

aluminufREPo riahial shd ifdpYSVeIRE corrbSIon-HiEisaRpRIpRAies2Matb Kal i

met'al hexafl uorozirconate, at | east oné al kali netal

specifc i, 5 SARRABPARAE AL Bloe T o OBt Bl 288

atominnlf pfd et SopRisalioR B RUAlce) SPGB B TAmER TG

or post-treated after anodizing by processes enpl oyi ng
process &Omgﬂﬁ@tayl asidic aqieppg;sqlvtinneeonainiag effgeﬁrwquggj at least one
Current hi ghperfornmance post treatnents or sealers for
water-selnblgitrivalert| chromium comepdynd cah ajkialhmetal hexafluordziroomatenat least
chem stry. Hexavalent chromumis highly toxic and a
one alkdihmenal csafaClucoberate Awl/ar hegafldrosilidute, 30 laast ome slivitad zine
deposit these protective coatings and the coating per
compouid, &dCeffeRiivE amdhRS 8f WateFBolableqRRkEMYS ariifor Wat¥RINible
yi el d good adhesi on and i nproved corrosion resistance
surfactdn®s, t he anodi zed al umi num Typically, seal coatings are
eposited onto the anodi zed coating at el evated

t,e rafgures a are _usyal | i i [ Sk:0N _Qr

AP EaaRRE) o o] spale PPesiestte H B UERe Y

t he 'Ijtary andfbg comer ci al .. .
processes employing a variety of sealing processes and compositions. Current high-

performance post treatments or sealers for anodized aluminum are based on hexavalent
chromium chemistry. Hexavalent chromium is highly toxic and a known carcinogen. As
a result, the solutions 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 treatments 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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specifications that govern each coating being treated.
As such, there is not a unique "post treatnent”
wepm’va@:’mati on for all anodi ze alum nuns |ike POBMS200S/041425
for . conyver si.an..coating” al um num executive orders,
EyrHier, sRyironsa awarﬁaﬂecuhy&foedgrs, anddogsd a¢qupaiewh)safety, and

regul ations are driving the mlitary and conmerci al

health (OSH) sgulativhe acahividg the militxypaad esthmerviab osarsrirf the eearch for
treatnments. In the case of anodized al um num the

hexavaléiit @ftorsiutr-free BoAmRAGE I HetasddParodizald hNliuAOthe bA¥dise

Wth the add| tion of the reqw red hexaval ent

ﬂmm&%% er éa&&e\ﬁ or tE)cﬁng an |zelam%l§m

conpo i1 1ona use
nm . num not..co aln exav. nt chr their
chromifiy R e R Gp i etoe vaer%?letssmf fihek EQapogtis used
chrom _um based coatings. Tn addition, the use_of
for coatig,anodized AlumppeRNH 1 ea@m%avéewé&ww Fhﬁréechmcal
expensi ve as regul ations tlghten Cost s econe
performaneriss iafefioetothe thekavalens chromininebasod soatngs;s Wmhéle use
EPA. Thus, while existing hexaval ent
of hexavlemehtominnBataRRAS isibecomihg irvnelexy@nsive hdreigtlations vighta.
performance in that they provide enhanced corrosion

Costs ni2y®e8sithé Prohibiflva-dne Thrire RGBS Enfbsed'by the BP. | TR, while
such as pal nt at a | ow application cost, froma

existing hd:Gv ﬁfée c%:&:ﬁﬁhu—tr@Meﬁ&%@Rﬁt%ndﬁg% AR RAPHdrfoffance

Gl
exaval ent chrom um coati ngs are aetrinenta % pot

mtha"@ P o e PR P ection ol és%o&tbﬁg RS B o
n alternative to chromc amg i ze. Phpsphoric
coating aY<H &3 ROHA: 265 LK EPRISSHON ER-GEOTE 21 PR CosirRfrobmental, and

bondi ng performance, but fail to adequately protect
OSH perppectisg cheyayalent ghromium coatings are detrimental to both people and the

environment.

In regard to adhesive bonding, phosphoric acid 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 typically applied to 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 general use primers. Phosphoric acid anodize coatings are
characteristically columnar and porous, thus promoting excellent adhesive bonding

performance. However, the columnar, porous structure also promotes corrosion making
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fromcorrosion. Wile anodi ze sealers are typically
applied to various other anodi ze coatings to boost
woammmsi;sam performance, they are generally not pappise@do41425

. ) /i c.aci.d anodjze coatlngs because the
phdsp @%3@503'& Bies eartishienly catficult & Brotect againstyorragior.clor

As a result, the corrosion protection of a phosphoric
exampleg phpspherit 2cid agestized thoneyqomby/icrey commonkyouset dal ntilitacy
primers or general use prinmers. Phosphoric acid
aircrafig comlodes qaivkly imgerdcewhaibitaproniciiod teuting s dahayedaind Mnild
porous, thus pronoting excell ent adhesive bondi ng

greatly bR 6 a%orfoSivR \PebtectiviGe ) AT Wes nBPAR e ﬁﬁt&k%@

al so pronotes corfosion makingh s h d anot

adhesiEbdEHY Aftdbcished Gtie ab QUM afE, 020 ”ﬁénESLLﬁi' on

core, comonly used in mlitary aircraft, corrodes
quickly in service when its protective coating is
danaoed and woul d greatly benefit froma corrosion

Mgt e OF LEEJNVENTIONt does not adversely inpact the
adhe3|ve bondlng characteristics of the anodize
coating. SUMVARY OF THE | NVENTI ON Thi s invention
relates to a process of post-treating or sealing

Phigds piventien fubdte @ROSIOERE ofpbbirebihcbehlite FhdspNGricdcid

anbi ent tenperatures or higher e.g. ranging up to

anodized) AiniReA Qhd iYaNSy s aaitidt dlnhperathls Sr h&ﬁ@f‘é %&g%

to post-treating phosphoric acid anodi Zed a um nu
o 0SS S N, AU OSSR R o
| ike. The

Si.on_an rival ent_chromu .
anodis B8RRI AR i Mona s Smigiahs ?%ﬁoseﬂn-'eeﬁﬁs{snfw@wgﬁm
ses an acidic aqu ous sol ytign having a
adhesib FBHi3E Progities 6 banCiqhssisn gk hee 06 amyaont Coropgjum
4.5 or 3.7 to 4.0, and per
post-treatment (TCP) composmon of thlS invention comprises an acidic aqueous solution

having a pH ranging from about 2.5 to 5.5 and preferably 2.5 to 4.5 or 3.7 to 4.0, and per
liter of said acidic solution, from about 0.01 to 22 grams of a water-soluble trivalent
chromium compound, about 0.01 to 12 grams of an alkali metal hexafluorozirconate,
about 0.0 to 12 or 0.001 to 12 grams of at least one fluorocompound selected from the
group consisﬁng‘ of an alkali metal tetrafluoroborate, an alkali metal hexafluorosilicate
and various combinations or mixtures thereof in any ratio, 0.001 to 10 grams of a water
soluble divalent zinc compound, from about 0 to 10 grams and preferable 0 to 2.0 grams
of at least one 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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liter of said acidic solution, fromabout 0.01 to 22
grans of a water-soluble trivalent chrom um conpound,
wahostos€s201 to 12 granms of an al kali netal PCT/US2005/041425
.hexaf.l yarozirconate, about 0.0 to 12 or 0.001 to 12
I issthgreare gn obiestot thisdnyentionde prayidaan acidie aquspus solntiome
roup consisting of an alkali netal tetrafl uoroborate,
comprising atrivalent cleputiurh @pnipound, asialkatiahetabimskaflasroaiseonate, and a
conbi nations or m xtures thereof in any ratio, 0.001

tetrafludrobdrBteGind/os hekaffuodsHikéats fir %h@@éﬁ&bﬁ‘dﬁc i enceipzgaound,
fromabout 0 to 10 grans and preferable 0 to 2.0 grans

- - - - o
elumindly a8 s BRYs 18 RSl el fnd BhESCERS porffortfefilabed
.l -sol ubl e non-ionic, cationic or anionic
dmﬂum%%%ﬁ%otant or wetting agent.It is therefore an"object
gt this i vent} n to provide an acidi c agueous ]
4% nathst obisehe veption f PEvide s stable apidicoammsowmsolution
. alkali nmetal hexafluorozirconate, and a
having 4 pHranging fropvahout2 Qria Sor whishabhtams effettivezmeotings of a trivalent
treati ng phosphoric acid anodi zed alum numand its
chromiwrh Isaly and @ hexsflabmizirconate fistzealingrphosphoriepicidodized alaminum
corrosion-resi stance characteristics. It is another
andﬁgéﬂﬁ&&@aauﬁyihis invention to provide a stable acidic
aqueous sol ution having a pH ranging fromabout 2.5 to

. . , i . At )
Rip  UHIS OB O (15 JRYchfion M) BroBi A boifhc ol fytion
. ' ' i al. um num.and its anodi zed
having EBRHARG froE e 3L A0 o BB R A PRlend crforBARY Wi Cing o
rovi de a.stable acidjc ueous solution having a pH
hexaﬂUB%F%&t? B e abiig or Ssabing %*%épbow%m%d&lwu&m aikits
chromum salt and a hexafl uorozirconate for treating

alloys appboyt 5pqr derpprsatBrronddhigher avhgreie Faid gcidio selution contpinst s
substantially no hexavalent chromium.

-

These and other objects of the invention will become apparent by reference to the

detailed description when considered in conjunction with the accompanying Figs. 1-9

(photos).

DESCRIPTION OF THE DRAWINGS

Fig. 1is a photo of phosphoric acid anodized aluminum, 2024-T3 with no post

treatment after exposure to 24 hours (1 day) of ASTM-B 117 neutral salt fog test.
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al | oys at about room tenperature and hi gher wherein
said acidic solution contains substantially no
woenmwasent chrom um These and ot her objects BCT}%]SQ)OS/MMZS
Ahvention will. becone apparent by reference to the
1 :}é %Bﬁ%‘\gé)é Pbb ¢ afid anedized T3 post tesated vath the
with the acconpanying Figs. 1-9 (photos). DESCRI PTI ON
composgorE DRl SIGH) mimpte immersiqugtabowt750Rpafidh expesutciods
anodi zed al um num 2024-T3 with no post treatnent
hours (4d4ysy oRABTMHBE] IThedfralltfog fesd day) of ASTM B 117
neutral salt fog test.Fig. " Ts la photo o phosphoric

e R M 1 g,
composfiyfof Fldnfile BYPO Bifife tifmeriqhdt” ol 259 Shercxopira io 96

osphpr | [ nodi zed 2024-T3 post treated with the
h°m(‘gg?9ﬁg§f‘f‘bm&ldl§§|‘i‘ fog testi nut e i nmersi on at about
750F) after exposure to 96 hours (4 days) of ASTMB
¥igz 4wy pheto of phespherjc acidtanodized 2024-F3 postimsated ofith the
phosphori c acid anodi zed 2024- T3 post treated with the
composiigorpeiFixantple 61(1 Erxdmyiesatd 009F) afienekmsuito 1000 kpurs (422days)
exposure to 1000 hours (42 days) of ASTM B 117 neutral
of ASTMAB! 1 If7autr@ibdalt fog €ost.S5 | s a photo of a phosphoric acid
anodi zed 2024-T3 post treated with the conposition of

P P R PR g 00e1 B T B i 0

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

ccomposition 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. 6 is a photo of a phosphoric acid anodi zed

2024-T3 post treated with the conposition of Exanple 5
wO20ersgrab es at anbi ent (750F)) after exposur ePCo/USRDS/041425
TATAS ﬁjﬂ~¢,;1f.ﬁ,ﬁuﬁ ASTM B 117 neutral salt fog test.

A DESCRIPTTONOE THE INVENJION i ¢ aci d anodi zed
2024-T3 post treated with the conposition of Exanple 7
(40 m nutes at anbient (750F)) after exposure to 1000
hours (42 days) of ASTMB 117 neutral salt fog test.
KMxpqﬁbﬂiwﬁ%ﬂhbmmmmﬁoﬁnﬂﬁﬁ§ﬂhﬁébﬁm&@dfuﬁmgim&@ﬂﬁcmemus
2024-T3 post treated with the conposition of Exanple 5

i Ao SRRSO 15408
. ' i P4 - | S
or 37 PR3 Bt FRAOAE 5 AR Lo 58 AREAS O oo i

.at 1500F ). after exposure to 1000 hours (42 days) of
adhesion, i‘i‘iitqw%%‘ﬁﬁaﬁ?‘ APrO,ine SQErOSpR-FosIstARCEORIQPRItSF 0f fhe
. DFTHE | NVENTI ON Mor e sgecificaILy, this invention
anodized alumipum(s). {Tlhe ppocsewprsTanbly ompyises thecusgiof an geidingelution
sol ution having a pH ranging fromabout 2.5 to 5.5,
comprisingifrpmabeuth 0 td 22 graaiscant] pRefrably fiiorh about. (7 tat &10 4rains @p.
seal i ng phosphoric acid anodi zed al um numand its
6.0 graras bfut $easDomevaieficluble Srivuldif Shii@sdniiuad 6.g! Shromium
substantially inprove the corrosion-resistance

sulfate, ABAR 01 1851 2% ramb Snd PRAERY 2B H. O T (Perami B, B!oogrg:? of at

preferably conprises the use of an acfdic solu¥
-S| r r
teastonf AR e thc} SR G2RHpaly, ok .07 187 Wo F V06 12 e o

preferal@g r%l&c}%@ bﬁ@ t‘?’)olI 2 gll'a?nst . év(%f trc]>t0.§g1 ér%glis% ot 12597 Oie glugfo%é)mpound

selected from the group consisting of alkali metal tetrafluoroborates, alkali metal

hexafluorosilicates and varipus 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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sul fate, about 0.01 to 12 granms and preferably about
6.0 to 10 grans e.g. 8.0 grans of at |east one al kali
worbt@losgnaf | uor ozi rconate, about 0.0 to 12 or pai@sko0s/041425

. ...0.001-10.12 grans and prefergbl bout 0.12.to 1. 2

piotecticg) AR atgr oy 1A gk pentigh o s sPIGOSY tardioreh e kawn and
f1uoroconpound sel ected fromthe group consjsti nég o{

can be prdskntiin thesacidic agueausisolytion oy 2meunts sangig frop pheut 0.0'to 10
hexaf | uorosilicates and vari ous m xtures or

grams asdpieferatily drom 0/0cto @00 giamsangt micxe preferably ffono h3eod.q .8, QO
1 to 10 grans and preferably 0.1 to 5.0 or 1.0 to 2.0

about 1.9/e34% g@{ 1k of B8 BhuSHR seinish e Depdidisg otheetadcrtisicsas the
zinc sulfate. In sone processes, depending on the

anodize? E I o' :ngrlg ; %g ?ﬂ%‘ﬁ;@ rb%)]? 51%1%12 axgé NG 2R RASH ohe WALANS NI LR fd tant

odi zed substrate, a feature

s the addit] of. a thickener.to the soluti

or wetih agent bt PARHL 9 hent b FIBRGH i in ot SRk Hi Btk 0.0 to
Wi pe-on applications by slow ng down, solutiio

10 Mﬁ@ﬁ?@g{;’. fromi0s0 tq %-Sygrﬁm% @é[tgerqm%feﬁgwawgﬁ ty1.5 grams

powdery deposits that degrade paint adhesion. .
e.g. 1.0 gamsper titert dfeheaaidicisolution. Thesskwater spluble sfactangsoryegtting

filmformation during |large area applications and .
agents 4Ft kh@W@h @b theleiod attued aredeleeid fodm thengroumednsisting wf nos-igic,

on the substrate during processing from previous
cationiSifPhionl@ ke fafditd.i ve yields filnms that have no streaks

and have better coloration and

G SRR RAHiGf' A dd 4l WatEr. SYIHETE bl KRR BmS UCh

as tha celTulose compounds are known and can be

comp b S SRR, SRR OIS e i

preferably from
0.0 to 2.0 grams and. . noje preferably f 0.5 t.o 1.
aqueoug SO AR ISR PP B PP P By ot i i g ety Yo the
~solution. Depending on the char ag{J ristics af fﬂh‘%
solution o s Watgr splukkerform veherein thecvalapee ptithe shrgrmums i 3o o5t
| east one wat er-sol ubl e surfactant . ..
example, some of the preferred chromium compounds can be prepared in solution in the

-

form of Crx(SO4)s, ANH)Cr(SOs), or KCry(SO,), 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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or wetting agent can b e added to the acidic solution
in anobunts ranging fromabout 0.0 to 10 grans and
wonefomseaby from 0.0 to 2.0 grans and nore preberaiskopso41425

fomp0.5 to. 1. 5. . .0., 1.0 grang, per. li.ter of the .
TP ol B seafind'of Bs oPidinoric a6 oui BT i can b carricd
wetting agents are known in the prior art and are

out at low tesepesefuressig. aheutpnzhipntos meoms témperaiirenyrat tamperatures
cationic and anionic surfactants. The trival ent
rangingaly orabout 200°Bd Redneiemperubire treathend ispréfetred e thiat this
chrom um conpound, preferably as a trivalent chrom um
L. I ey, i . S
et the n¥eoGty fof Redtitg Uipn w%t&gﬁéﬁgﬁjsalt can geany

solutions of this Invention,

, Ve I X e..sQlaut.i [ N4l e
of the ARG kb ARt 1 chiabl 0 2R i TolcRd iy Hspgsure o
. lLus 3. For exanple, sone .t.he preferred chroqium .
infra-red JBns, and the ke o pygpnseiof thisipyeptio e fers@ fcid
) (SCXf) ,,(NH. 4)Cr (SO or KCr 2(S™4)2 and any.
anodﬂ?(a a%tna%%n and anadized alunginugs allqys decledsAleningm alloys
al um num substrates are either phosphoric acid
phospherie d¢id adodizedbyymettwds known i theadrtuni num al | oys
containing about 60% or nore by weight of alumnum A
- [in ebme treainenatHeaaliofli inetal RtraflioroboRss uid/ep heaiubisilitates
is within the range of about 4.0 to 8.0 granms or 6.0

can be 8d&FRo B adidit S61ufibn il SmB6ME 84 B4 0100 Oframsipel Bfer BF &the
found that particularly good results are obtai ned when

solubil%tg‘ ﬁ%n%&io‘fﬂee e,srzlraggyﬁr ‘;ﬁ%ﬁ@@%ﬁ ggodt%f()% x%é%ﬂfn%%r%ﬁ Q! ON

ese pre e preferre

fqt .0Z1I diti. tQ t i di | i on range
oro U EEAAEPRRLTo R4 90 0! R4 S Bl Ber S
grams et gbing BhroBacnaty <alip ot A0Aran? pey okl fluorosticate s

t enperature_or at tenperatures ]
added to the solution. For example, an alternative 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 III sulfate basic, about 0.1 to 5.0 grams per liter of divalent zinc sulfate and
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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rangi ng up to about 2000F. Room tenperature treatnent
is preferred in that this elimnates the necessity for
woeadsiosgs2equi pnment The seal coating may be ai rPdT/iIBQbOb/jMMZS
of .th Js.known_in the art, for exa oven
"ﬂlﬂJ“S‘m&F‘g9 t& ng Pgeé@j tiQn of sifpctive pmeunts of 3 dtlmeraalr&D@dnase to
anps, and the like. For purposes of this invention,
mamtamme Pl imtherangafabout 26 ita S Srardowerie.g) fioorh abontH25 to 3.5..
anodi zed al um num al | oys include alum numand its

Th oyrmpeditenbpidid selatioh s eshtiiv ZAR! ddathoukd i Tuither
the art. I n sone treatnments, the al kaI| met al

imprové S frosidh Grofifid bhbep s&et&u%& rod GRifigs ¢ &&gpat!eed to

added to the acidic so on In anDu S as

r o the S ity |im
compoffi a8 s B8y &xeés#?ﬁ% RS Db ErRnepld ik
of the fluorosili cate dded based on the wei ght of
solution gre mixeg, fogether g water an c%’t erschyngwgrrs per
liter of the fluorozirconate salt, about 4.0 grans per
manipulatiog, The divalent giici cap e supplieddyeuytchemival emhprundithat For
exanple, an alternative is to add about 0.01 to 100
dissolvessingyaterat therequinéd ¢ineefitrations bargiigfreml 0.001as 40 gams hed is
wei ght of the fluorozirconate salt. Preferably, about

compatiblé withGha\ethghtomsireafilin Shedsohatil tC el dp&fndﬁ fifat are particularly
fluoroborate salt can be added based on the wei ght of

Preferréd"ﬁgﬁltilhﬁqgf’%aﬁﬁ@@,gzgc TQ%E&C zﬁ}cstg@tﬁlggéé %n‘é’f@n%u%m%%%é '2itic>

i SR AOHE 0 Sl 8 OOPPB iy B

an ratt'ter of divalent zinc sulfate and about 0.12 to 1.2
Y Sr ans per liter of pot assi um tetrafl uoroborate and/ or
g_gaafiuoro l'icate, nportant result of the
eliqyring X?ﬂ’é’le§tﬂé!bﬁanez‘ihﬁ gtahleceal-¢aating selutions of this
. fluoroborates and/ or
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

TCP5PZ2

A stable acidic aqueous solution having a pH ranging from about 3.45 to 4.0 for
post-treating phosphoric acid anodized aluminum and aluminum 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 grams of

potassium hexafluorozirconate and about 1.0 gram zinc sulfate.
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fluorosilicates is that the solution is stable while
the pH is maintai ned between about 2.5 and 5. 5.
wolawssss20i N sonme cases the pretreatnment sol ut PONAISREF/041425
require snallanountshg&éggggizte acid or base to
maintain the pHin t f about 2.5 to 5.5 or
| ower e.g. fromabout 3.25 to 3.5.. The conposition or
acid solution can al so X3 n zi nc conpounds to
further inprove the corrosion protection of the
phosphoric acid anodi zed coati ngs conpared to
conpositions that do not contain divalent zinc
QO Béldic afiBo s NERRINA oS pétt-tiehEnS plidspheiit avid anddiad
together in water and can be used with no further
Trin G 6] tae:Tal ' T VS i ;
alumin 1 %%%l Iﬁlgiémgﬁﬂl m&’g F]d ﬂﬁm &%Ogiﬂﬁqjﬁ%g%ﬁﬁdag?g ﬁf&f&ﬁ Wthh

Dy any em cal conpou solves in
at er at the. require oncentration angi ng fr.om .

comprigRoeE i} of GOlHEs 2ba 3 0cErerns L Fvaleat Pl SulyeR Bpsic,
conmponents in the sqlution. Co nds .t hat are .

about 4} grams of Retassiymhexafluerozineangtes g&f 5‘?0% Q&Er;ﬂl%?s of prtassium

acetate, zinc telluride, zinc tetrafluoroborate, zinc

tetrafluondbpatert e, zi nc hexafl uorosilicate, zinc sulfate and
the like or any conbination thereof in any ratio. The
follow ng Exanples illustrate the stable seal -coating
solutions of this invention, and the nethod of using
the solutions in mai ntEXAMPLE e adhesi on properties
whi |l e i nproving the corrosion-resi stance of phosphoric
aci d anodi zed al um numrapggsy$ al | oys. EXAMPLE 1
TCP5PZ2 -

U

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 thereon ‘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 (TCP5B3Z4) and Example 1 (TCP5PZ2)

on average had higher ratings.

11
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A stabl e acidic aqueous sol ution having a pH rangi ng
fromabout 3.45 to 4.0 for
weacim/oassadi zed al umi num and al um num al | oys t oPOTWSRME/041425

a corrosion-resistant and a col or
t hereon whi ch conpri ses,

per

post-treating phosphoric

liter

3.0 grans of trivalent chrom um sul fate basic,
4.0 grans of potassi unTABXEf1 uorozirconate and about
1.0 gram zinc sul fate. EXAMPLE 2 TCP5B3 A stable acidic

CorrofieH ResiStaf& o PHIBpHdc REFIAAIRA! Withl SBdless2024c T3 (ileninum
anod| zed al um num and alum num alloys to forma

recogni zed coating
of sol ution,

about
about

60;%)9111 B@&% *}‘gf’ﬁ af8 ray S
per é\irétl on outAg gpa{vn?&? triﬂgg*) 2t
chrom um sul fate baS| c, abo 4.0, pof _pot aSSI um
hnvnfl wor-ozi-t-conat nnrl oY W W!’ p aS-Si-Hm
Applicaiest || H6Pooopaler ANHERAE é"'#&%@ﬂ W@’()Q"ﬁl 6 Z?‘W?
Patentso o4 campasitign |t ominyse; - hodHHule ¢ ociminute |
USP 6,305352z déwamnle2num and al um num aI loys to provilde a
corrosiﬂ@sre& stant agd a ol o 7r ecagni zgq coating s
14 ] conprises, per—tTter of sot ution, —about
113 oél t3r| vial ent chrpm um sul flat e basi c,| about
SRB34# pot assi um hexaf | uoJ ozi rconatoe about q; 12
i “fnfrafl LOL nhur at-e and alnnnf .J\
Ttél;gl @%7%4% xgnRl§ilent| zi nc sulfate. Tablle 1 shows f he
i atings| of threelExanples for post-treatin
SP6669 764 l J 0 r;‘p7 ?.7 6 J
Note Each rating is the average of 3 identically coated and exposed panels

'Corrosigx__l. ratings per ASTM D 1654

- EXAMPLE 4

Add 3.0 grams per liter of chromium III sulfate basic and 4.0 grams per liter of
potassium hexafluorozirconate to specific volume of deionized water. Maintain pH
between 3.25 aﬁd 3.60 for 14 days using dilute potassium 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

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

12
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phosphoric acid anodi zed al um num al |l oys of this
i nvention in conparison to the conposition of Exanple

wa 20a88129s. Exanpl e 3 (TCP5B3Z4) and Exanpl e RCT/US2005/041425

- - (TCPOPZ2)  on. ayer age _had hi gher ratings. TABLE |
§Pe‘3‘ﬂ“dﬁ? i"%h‘“ﬁéﬁgé e L5t soiwdan,wiand for appraximately 10 days.ior
.. Sealer on 2024-T3 Al um num Al l oy After 1,000 Hours of

until phEgisestiorhstwesndciivami 4.00. Relutionlis Bady toSpeay | mer si on
conditions Note: Eac rat ng st e average o 3 ent ca y
coate an expose pane s Corrosion ratings per ASTM D
1654 EXAMPLE 4 Add 3.0 grans per liter of chromumlll
sul fate basic and 4. 0 g} A0p liter of potassium
hexaf | uor ozi rconat e t(ml%eﬁz: vol une of dei oni zed
water. Maintain pH between 3.25 and 3.60 for 14 days
using dilute potassi um hydroxide or dilute sulfuric

3R g Foad 1 $8509 57 1 ot Sine e e imgiRba g

. 3..0 granms per liter of chromumH sulfate basic, 4.0
Solutiog,is, Bruss t er of potassi um hexafl uorozirconate, and
0.12 grans per liter potassiumtetrafluoroborate tolLet

sol ution stand for apEXAMPRESy 10 days, or until pH
rises to between 3.75 and 4.00. Solution is ready to

use. EXAMPLE 6
To Example 5, add 2.0 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 rinse;d thoroughly two times in deionized 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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To Exanple 4, add 1.0 grans per liter of zinc sulfate
during initial mxing. Solution is ready to use.
wexddgPkEs200 Exanple 5 add 2.0 grams per |iter 8CTAISHWS/N041425

- e sUlfate during,inifial mxing. Solution is ready to

test.” Coptral Cotippmappiphosehotic asid Wﬁsgﬁmw freled wersitested t o
anodi zed al um num as foll ows. The phosphoric acid

alongsidertbelsubjecp coatengs. per ASTM D 3933, "Standard Practice
for Preparation of Al um num Surfaces for Structural
FigR2sind 85(pBete) sow M perbaninte A€ postAreathaitdfpm ' theas
foll owed throughout. I'mediately after anodi ing 3" by

compositﬁ:}hg )t/ﬁs’ E%@/Jﬁ?heg 3 E}aﬁﬁ‘ A h@g%.ﬂa@ﬁbﬁ& ShowdAfadssaiell N A pilel after

0S i c Acl d Anodi ze process, the

nel in r ogghl ] L0 021 OR .
exposu$F BTV £17 AQEL s 135 AP ke B rE B o F A0y Rt
. imrersed into a solution of either Exanple.6 or..7 for
improved ROOR SR AN G A9 1 16 BYR TopBT RIS ChFibes

i mredi ately foll owed by two dei oni zed water rinses.
The panels were air-dried at anbient conditions before
bei ng subjected to neutral salt fog per ASTM B 117.
The coupons were hel dEKAMPEBOk at 15 degrees for the
duration of thetest" Control coupons of pitiosptpc
acid anodi zed (PAA) not seal ed were tested al ongsi de
the subject coatings. Fig's.2 and 3 (photos) show the
B4 BLARRAS wite R38lecl bEE! BRI A BI MM ExIBARE ! | ONS

0 anp 6. FIg.

es 5 an 1 (phot 0) shows an unseal ed
compos@@@ns&g‘aﬁﬁogsf)tﬁeoh Examples 5 and 7 were heated to 100° Fahrenheit and the

panels were immersed 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. It is
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.
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exposure to ASTM B 117 neutral salt fog. The post
treatnents of Fig's. 2.and 3 provide inproved
woQnrsass2m r esi st ance conpared to the no post - PCEASRWEN41425
coating of Fig. 1. EXAMPLE 9 Test speci nens were
anodi zed as in ExanpEX&MPLE klhis exanple, the
conpositions (solutions) from Exanples 5 and 7 were
heated to 100 Fahrenheit and the panels were inmersed
for atotal of 10 mnutes. Fig's. 4 and 5 (photos)

TaA $hheRswer anbdized BRIExaiplé Be BethiPaianiile thé t er
1000 hours of neutral salt fog per ASTM B 117. It is

composfﬁ(dng gﬁluﬁ&%ﬁ ﬁBHﬁE}%ﬁﬂ@gsc‘S %.hc? B vite GRE0q 50 IF%I%H]I?!% apd the

venent conparec e conposition of

I\/PLE 1Q Jes e a
ponls Yl 11 s ¢ G (Lot ﬁhaﬁl FPgfision
les 5 and vvere kept at anbi ent condi tiaqns

reswtansse esscmaﬁgmllmo hawrsof ee'am%éalé fogpes ASAMB LL7-¢ or

a total of 40 mnutes. Fig's. 6 and 7 (photos) show

Table i2mompases the comesiomresistanes results off the ples hasedpn

after 1000 hours of neutral salt fog per ASTM B 117.1
numeri¢alAdfinigE flonk ABIM DspEsel. T s ASTM ariag inmtttbda the bespasiblee

8. In thi s exanpl e, the conpositions (solutions) from

BuB&shtRlNHOTRRHLR S diden Qm e iaRLL. - Raihgs

t he paner were inmersed for a total of 5'm nutes.

decrea@t@ 15whith? e&n&%ﬂ%ﬁﬁﬁwﬁgyﬁ%&% ne uP afc@ ?‘?

these coatings after ours o
the datzP il Té%?TQA 1? 1sle%2dent that the process of this invention is an improvement over

score i
previous processes used for post treating or sealing phosphoric acid anodized aluminum
and its alloys.
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.

The ratings comprise an average of three rated panels for each condition.
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Tabl e 2 conpares the corrosion resistance results of
t he Exanpl es based on nunerical ratings from ASTM D
Wa@beb/088520t he ASTM rating nethod, the best posBCDIUS2005/041425

t on the test paRROCESS CONDHIONS:se to 1,

Aqueowcaiﬁwr gmgnt S su mtl al | y @@SﬁsﬂyyOSI glsoiﬁawes
Solption| S g0

f h#&éf} y g,ﬁfe {J It Y| dent
that t S0 Vent t
over prgllgﬁgﬁ%roce ses uégd fo'&g'oéa% rear? y
seal i ng| Ionebnior i c mirtedi ze mpler®) m ar(E'xumlell)
al | oys. inptstor?2 Nu mepdiog Or r 0$i on ratings|of the
panel s YEaniple 8V t hi((Ekemple@psi 1i ons (sol utijons) and
Controli(B6 pBétOD@%er 24 hédts SNAventi on, ed on ASTMWN 1654,

ltreatmeﬁﬁd ratjngs as hi gh as 10 (no corrosi on) to a lowof 1

el L, Y e e,

Cabl \_&U T Ull ul 111 IIVC IIC
Examp(ﬁa er sg!' g6§ azzpﬁg]?i t@ﬁj £ ts c%ﬂlgb
Exampleshgi ng Orafisn o6 hews E@%P@ri@% rri?tﬁ" 100Q e, & aiter 1000
preferab{SFO 5t0 a gr arBOUpRINSY | + o hourg NSF
trival ent chromum sol ution. The surfactants are added
to the aqueous solution to prow de better wetti ng

erties t he su ce tension

Foe PR ag ﬁﬁf B ERGGh 2 pe? L SRR O SR Ao on
the coate bstrate., The surfactants inclu st

be addgshg therlest shypmisig SAYHeRYNAmIQUR{STAnging, O%gmglr @% 16
consisting of the non-ionic, anionic, and cationic

grams perrliterend preferablyifhS kndhwt hetgms petiiprofdbe frialenh chromium
havi ng the solubility at the

25 solution. The surfactants are added to the aqueous solution to 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 consisting of the non-ionic, anionic, and
cationic surfactants. Some known water soluble surfactants having the solubility at the

30 required concentrations include the monocarboxyl imidoazoline, alkyl sulfate sodium
salts (DUPONOL®), tridecyloxy poly(alkyleneoxy ethanol) ethoxylated or propoxylated
alkyl phenol IGEPAL®), alkyl sulfonamides, alkaryl sulfonates, palmitic alkanol amides
(CENTROL®), octylphenyl polyethoxy ethanol (TRITON®), sorbitan monopalmitate
(SPAN®), dodecylphenyl polyethylene glycol ether e.g. TERGITROL®, alkyl

35 pyrrolidone, polyalkoxylated fatty acid esters, alkylbenzene sulfonates and mixtures

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

requi red concentrations include the nonocarboxyl
i m doazoline, alkyl sulfate sodiumsalts (DUPONCL(r)),
woni@asgi2oxy pol y(al kyl eneoxy et hanol) et hoxyl ateases/ 041425
propoxyl ated al kyl phenol (1GEPAL(r)), alkyl
phesol ethidaxylates,anf theavarious paibnictsurfacthitan bhving at
am des (CENTROL(r)), octyl phenyl polyethoxy ethanol
least on¢ FEIfGHAK sybstiturnt ini the pherpn cing undithé dduSBAREbylene oxide with
dodecyl phenyl polyethyl ene glycol ether e.g.
fatty ankRRGGRE Kiown WateY solaurercemggplgtgar@?dﬁa'#gom 3 béafhsaR0 Y

acid esters, alkyl benzene nates a ures

Dottty B BRI S BB

. nnyl phenol Iyl oxyl ates, and the various anionic
Chmc?‘ﬂ*?cg’&’ s,§1§ ving at | east one sul fonate substituent

LA the phenyl rjn and t he adducts of ethyl ene oxide
bﬁ?‘tﬁﬂqﬁgﬁb‘%ﬁs #@é‘%’t PPTRUE ImmERRIeD r (vdhera vartienl surfaces grmigde
are found in "Surfactants and Detersive Systens",
sprayed, thickeamgpaspts asmaddey (te yetain Sagraquepusgolition: dmibe 'surface for
Encycl opedi a of Chem cal Technol ogy, 3rd Ed. Wen
sufficienteagitact tinfeacBhe thivkendrs amployed arerkabendtorginivasd erganic water
vertical surfaces are to be sprayed, thickening agents

solubleahiekem@tiewthich cag b adddde taditiRalént SRbMiun? Sol8flondla effective
surface for sufficient contact tune. The thickeners

amountS BT, 2 ¥&ficiin® c&f&ﬁﬁaﬁdﬁ)faﬂ%gg éﬁ'ﬁ% g"i’(tp 'rlg gif‘#ﬁesﬁéer TiodrRble

t hickeners whi ch can be
oy L QRS [ anoynt s~ e. g.
prefera e S R A e R B SRSy sgme
er.liter, an referably. 0.5 to, 1.5 grans_per
preferef BTRRFE jchlinPInBs o Ieoipatht ealBpse (e.2
SO eferred thickeners include the cell ul ose
Klucel), sﬁo%h&&se&y . O’Wﬁﬁw celilossyhydesrymatisd scliwose, metudel ) |
et hyl cellul ose, hydroxyethyl cellul ose, hydroxynethyl
celluloseanf prigtwes ﬁli;gtqq§| 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

A 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
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cellul ose and m xtures thereof. Sone of the |ess
preferred thickeners include the water sol uble
wonaeregass2e t hi ckeners such as col | oi dal sil i capcTiuiay®s/o41425
o a such.as. bentonite starches, gumarabic, tragacanth,
performgnce. " Foaveysy, jag aBplicsion oh e storg ovidizing sohsioardangidide film
surface to be treated via conventional phosphoric acid
with inaproviidziompsionciesisigness , Thenwlditionul doprosivartedisiandeik 'F)?é%'uﬁid to
I mersion, spray or w pe-on techniques. The solution

be duead & leRivdlent ¢hfiniain navdilie W&Wﬁ%ﬁéﬁt dofiffin. The

and optimally applied by imersion to further 1 nprove

oo Yl o 8,5 dgéf?fed"‘?%@ 43R et Sipnb o
replacd g 4B, T Sonboat o e: afibier %E&aaﬁ%l&rene?”d

mai ni gsolut|on|sthenthoroughlyrlnsedfromthe
1000%"’2‘8 rL@‘W\PQFP@ Qgallansdei oni zed water. No additi onal
chem cal mani pul ati ons of the deposited filmare
eatufeof thisdavention jethé ebilitynafthishisuestive seahcoating to
appl [ catl on of a strong oxidizing solution can yield a

providé tHerphospHoricraeidatdized icoatings RittecorfsdnGesistdme better or at least
additional corrosion resistance is presuned to be du

equivaledt folthdi RV RAled aH6 BT bR m&q‘\gﬁﬁ §u1ffﬁxllé“cpfo tttb%c-

trivalent chromium The aqu s seal er conposi

sulforif) 206 %g%gxlﬁgmwr{el: Sfﬁg@ Pgﬁfynh%ﬁl ¢ c ce pI#)% g? X :‘?@eﬁg i’gf"re and
b
ot S R B9 SRS

i nvention i.s the abi hlt of thls rotective seal
that wer Bt EVieSIx POTRLEle: Phesnince prd enedized dumimnsiue a major
coatin W th corrosion resistance better or at |east
Vanté&ﬁﬁ‘ﬂ‘?&ﬁ’@ﬁ? othst epatiags inibaritseoating weighth ace twpicallyd$ to 50 times
produced with sulfuric, chromc, boricsulfuric,
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 treated 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.
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or other known conpositions. This capability has not
been avail abl e before and offers new potentia
wappsiosg2d ons for phosphoric acid anodi zed i n BOTUSS08041425

nvj.r.opnent s.that were not previousl ossi bl e.
gﬁ’é@ﬁ) nyentignhag beem Q@wﬁhccgba ) unmbh%@igspaciﬁa jewamples, it is
advant age over these other coatings in that its
obvioug that thare aveiolier yasiations\gnid aeddifications orhixh dah e snddeweithout
This yields significant weight savings and | ower
departif@ frogi tae 8pitit tand Scdife dfEhd indbntRin H¥ pARTBURIlyQR%E forth in the
addition, this invention has the ability to enhance
appendbl @1aRRE.f or mance of phosphoric acid anodi ze coatings
currently being inplenented as an adhesi ve bondi ng
alternative to chrom c acid anodi zi ng. Phosphoric acid
anodi ze coatings that have not been post treated are
known to have inferior corrosion resistance, but are
known al so to have excel |l ent bondi ng characteristics.
This invention increases the corrosion performance of
t he anodi zed al um nuns, while mantai ni ng the adhesive
bondi ng strength of the coatings. The terns, for
pur poses of this invention, "solubility" and "water
sol ubl e" nmean water solubility of the chem ca
conpounds used in the solutions of this invention at
| east at the concentrations set-forth
herein. Wi le"ltSs invention nas"been described by a
nunber of specific exanples, it is obvious that there
are other variations and nodifications which can be
made wi thout departing fromthe spirit and scope of
the invention as particularly set forth in the
appended clains. TOE | E TIO | ED 1. Process for
seal i ng phosphoric acid anodi zed al um num and al um num
all oys to inprove the corrosion resistance and
mai ntai n the adhesi ve bondi ng strength which
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conprises treating the anodi zed alumnumand its

alloys with an acidi c aqueous sol ution having a pH
woamg,vmgszﬁrom about 2.5 to 5.5; said acidi c agqReDWS2005/041425

S fi. prising, per liter of solution, from about

Lol of a trival ent chronium conpound
about O 01l to 12 grans of an al kali netal

1. Feocasd fpo sealingphnspheric abil inodized alundifum aadalumbinaim dlleysto
one fluoroconmpound selected fromthe group consisting

improve thetdbrivsionl resis@h @@ anldahaiatain/tie @dREs SbondihgditeAgth WikER
hexafl uorosilicate and m xtures thereof, Trom about

e B304, 0 RSEIR Bl G 065 Ll o pin

Yol and, froam 0.0 to about 10
having §FpiffanBiie 7008 by S RCE s %@f@amﬁfolugon sopgprisihd, Per
process, of Claim 1 wherein the pH of the, aqueous
liter of §Blua%a¥9méha'&0 % tond ogFames of a7irivalent girpmipm pempound, about
tenperature of the aqueous sol ution ranges from about
0.01 tod:2grams of an alkali megal hekaflynrogitonates about.thi@ 13 igeanes of at heast
trivalent chromiumis a water soluble conmpound rangi ng
one flubrozompband seledfed fo.the groapronditting wdanfalkatirmetal conat e
is a water sol uble conmpound ranging fromabout 6.0 to

tetraflubPot@Fa€Tan AK4li A1 héaPuBFHRITRAHMAT mikir¥tthéreos BorPAdut

corrpounds rangi ng fromabout 0.12 to about 1.2 grans.
t L
001 10 3pEpePaegs Bl il Ank B3 i Bl O HBRGE 16 P
Tl oS SR R g

nprove the corrosion resistance and nmaintain the
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2. The process of Claim 1 wherein the pH of the aqueous solution ranges from about

3.7 t0 4.0 and the temperature of the aqueous solution ranges from about ambient to

200°F.

3. The process of Claim 2 wherein the trivalent chromium is a water soluble
compound ranging from about 4.0 to 8.0 grams, the hexafluorozirconate is a water
soluble compound ranging from about 6.0 to 10 grams, and the fluorocompounds are

water soluble compounds ranging from about 0.12 to about 1.2 grams.

4. The process of Claim 3 wherein the thickener ranges from about 0.5 to 1.5 grams

and the surfactant ranges from about 0.5 to 1.5 grams.
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conprises treating the anodi zed alumnumand its
alloys with an acidi c aqueous sol ution having a pH
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process of Claimb5 wherein the fluoroconpound is

grams of ar atkali metak hexalluprozipconatenaboyt 9,001 te 12 gramsof at h“@ﬁﬁ one
about 0.24 to 0.36 grans and the treated anodi zed

fluorocahpovind selecteddtdns Swgroup gonsisting of an alkalimetal tefraflucroborate,
tenperatures ranging up to 2000F. 7. The process of
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ranging fr abqut 4.0 to.8.0 grans,, .the . L
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about 0.24 to 0.36 grans.

subsequently washed with water at temperatures ranging up to 200°F.

7. The process of Claim 5 wherein the thickener is a cellulose compound present in

the acidic solution in amounts ranging from about 0.5 to 1.5 grams per liter.

8. The process of Claim 5 wherein the chromium salt is trivalent chromium sulfate.
0. The process of Claim 5 wherein the alkali metal zirconate is potassium
hexafluorozirconate.
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11. The process of C aim 10 wherein the thickener is a
cel l ul ose conmpound ranging fromabout 0.5 to 1.5

wgnrerswssse®. The process of C aim5 wherei n t hePeTms2005/041425
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rangi ng fromabout 0.1to 5.0 granms. 17. The process of
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in the agqueous solution in an anount ranging from
about 0.001 to 12 grams. 18. The process of Caim17
wherein the zinc conpound is zinc sulfate present in

12. TheproesRfTlanal §iwherein theaincromptund dszjna gedtatom about
0.1 to 5.0 grans. 19. The seal -coated phosphoric acid
anodi zed al um num and al um num al l oys of Caim1. 20.
The seal - coat ed phosphoric acid anodi zed al um num and

13. Fh Biio'g%@ 2% 1 P iwhEtedh MeRhromium salt is trivalent chromium sulfate

and the divalent zinc compound is zinc sulfate.

14.  The process of Claim 11 wherein the water soluble surfactant is selected from the

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

15.  The prdcess of Claim 14 wherein the zinc compound is a divalent zinc sulfate.

16.  The process of Claim 15 wherein the zinc sulfate is present in the aqueous

solution in an amount ranging from about 0.1 to 5.0 grams.

17.  The process of Claim 5 wherein the chromium salt is chromium sulfate present in

the aqueous solution in an amount ranging from 4.0 to 8.0 grams, the mixture of alkali
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metal tetrafluoroborate and hexafluorosilicate are present in the aqueous solution in an

amount ranging from about 0.001 to 12 grams.

18.  The process of Claim 17 wherein the zinc compound is zinc sulfate present in the

aqueous solution in an amount ranging from about 0.1 to 5.0 grams.

19.  The seal-coated phosphoric acid anodized aluminum and aluminum alloys of

Claim 1.

20.  The seal-coated phosphoric acid anodized aluminum and aluminum alloys of
Claim 5.
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