Office de la Proprieté Canadian CA 2466045 C 2010/04/06

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 466 045
e Cads oy oo 1 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2002/11/06 (51) Cl.Int./Int.Cl. C25D 7171/24(2006.01),
(87) Date publication PCT/PCT Publication Date: 2003/05/15 C23C 22/54(2000.01)
2 1; . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2010/04/06 MATZDORF. CRAIG A.. US:
(85) Entree phase nationale/National Entry: 2004/05/04 KANE, MICHAEL J.. US:
(86) N° demande PCT/PCT Application No.: US 2002/035599 GREEN, JAMES L., lll, US
(87) N° publication PCT/PCT Publication No.: 2003/040437 | (73) Proprietaire/Owner:
T THE UNITED STATES OF AMERICA AS
(30) Priorité/Priority: 2001/11/06 (US10/012,982) REPRESENTED BY THE SECRETARY OF THE
NAVY US
(74) Agent: MCFADDEN, FINCHAM

(54) Titre : POST-TRAITEMENT D'ALUMINIUM ANODISE
54) Title: POST-TREATMENT FOR ANODIZED ALUMINUM

(57) Abregé/Abstract:

Composition for post-treating anodized aluminum and aluminum alloys and the process for using said composition to improve the
corrosionresistance, abrasion, and adhesion bonding properties of the anodized aluminum and its alloys. The composition
comprises an acidic agueous solution having a pH ranging from about 2.5 to 4.5 containing effective amounts of trivalent
chromium salts, alkali metal hexafluorozirconates, an alkali metal fluoro-compound e.g. fluoroborates and/or fluorosilicates, and
effective amounts of water soluble thickeners and surfactants.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




/040437 Al

CA 02466045 2004-05-04

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

15 May 2003 (15.05.2003) PCT WO 03/040437 Al
(51) International Patent Classification’: C25D 11/24, GM, HR, HU, ID. IL., IN, IS, JP, KE, KG, KP, KR, KZ, 1.C,
C23C 22/34 LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ., OM, PH, PL, PT, RO, RU, SD, SE, SG,
(21) International Application Number: PCT/US02/35599 SL, SK, SL, 'L, 'IM, 1IN, IR, TT, T, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
22) International Filing Date:
(22) 8 (84) Designated States (regional): ARIPO patent (GH, GM,

6 November 2002 (06.11.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/012,982 6 November 2001 (06.11.2001) US

(71) Applicant (for all designated States except US): THE
UNITED STATES OF AMERICA as represented by
THE SECRETARY OF THE NAVY [US/US]; Bldg.
435, Suite A, Naval Air Warfare Center Aircraft Division,
470776 Liljencrantz Road, Patuxent River, MD 20670-1550
(US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): MATZDOREF,
Craig, A. [US/US]; 44576 Spinnaker Way, California,
MD 20619 (US). KANE, Michael, J. [US/US]; 20830
Harlequin Lane, Callaway, MD 20620 (US). GREEN,
James, L., III [US/US]; 11550 Senora Lane, Lusby, MD
20657 (US).

(74) Agents: BILLI, Ron; Bldg. 435, Suite A, Naval Air War-

fare Center Aircraft Division, 47076 Liljencrantz Road,
Patuxent River, MD 20670-1550 et al. (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

CZ, DE, DK, DM, DZ, EC, EL, ES, FI, GB, GD, GE, GH,

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BEF, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AL,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP. KE, KG,
KP KR K7, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD,
SE, SG, SI, SK, SL, TJ, TM, TN, TR, TT, 77, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS,
MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent
(A1, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB,
GR, IE, IT, LU, MC, NL, P1, SE, SK, TR), OAPI patent (BF,
BJ, CE, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE, SN,
D, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POST-TREATMENT FOR ANODIZED ALUMINUM

o8, (57) Abstract: Composition for post-treating anodized aluminum and aluminum alloys and the process for using said composition
to improve the corrosionresistance, abrasion, and adhesion bonding properties of the anodized aluminum and its alloys. The com-
o position comprises an acidic aqueous solution having a pH ranging from about 2.5 to 4.5 containing effective amounts of trivalent
chromium salts, alkali metal hexafluorozirconates, an alkali metal fluoro-compound e.g. fluoroborates and/or fluorosilicates, and

=

effective amounts of water soluble thickeners and surfactants.



10

15

20

23

30

CA 02466045 2004-05-04
WO 03/040437 PCT/US02/35599

POST-TREATMENT FOR ANODIZED ALUMINUM

BACKGROUND OF THE INVENTION

Field of the Invention

This 1mmvention relates to a process of post-treating anodized aluminum(s), and
to the composition for treating anodized aluminum(s) to 25 improve adhesion-bonding,
abrasion-resistant, and the corrosion-resistant properties. More specifically, this invention
relates to a novel composition, and to the process of using the composition to seal or post-
treat anodized aluminum and anodized aluminum alloys. The trivalent chromium post-
treatment (TCP) composition comprises an acidic aqueous solution containing effective
amounts of at least one water-soluble trivalent chromium salt, an alkali metal
hexafluorozirconate, at least one alkali metal tetrafluoroborate and/or hexafluorosilicate and

effective amounts of water-soluble thickeners and/or water-soluble surfactants.

DESCRIPTION OF PRIOR ART

Anodized aluminum(s) are generally sealed or post-treated after anodizing
by processes employing a variety of sealing 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 f1lms do, however, yield outstanding paint adhesion, abrasion, and 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 are usually called out by the military or 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" aluminumes.

Further, environmental laws, executive orders, and local occupational, safety,
and health (OSH) regulations are driving military and commercial users in the search for
hexavalent chromate-free post treatments. In the case of anodized aluminums, the anodize

film and base metal are relatively non-toxic. With the addition of the required hexavalent
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chromate post treatment, these coatings become toxic. Other post treatments, such as
nickel acetate, and various fluoride compounds do not contain chromates, but their tech-
nical performance is inferior to the chromate-based coatings. In addition, the use of chro-
mate post treatments is becoming more expensive as regulations tighten. Costs may
5  become prohibitive with future restrictions imposed by the EPA. Thus, while existing
chromate post treatments are outstanding in their technical performance in that they
provide enhanced corrosion protection and adhesion bonding e.g. paint and other coatings
at a low application cost, from a life-cycle cost, environmental, and OSH perspective,
hexavalent chromate coatings are detrimental for people and the environment.
10 SUMMARY OF THE INVENTION
This invention relates to a novel composition and to the process of using said
composition to post-treat or seal anodized aluminum and its alloys at ambient temp-
eratures or higher e.g. ranging up to about 200°F. More specifically, this invention relates
to a composition for post-treating anodized aluminum and its alloys to improve the
15  corrosion-resistance and adhesion bonding properties e.g. paint adhesion, etc. The
trivalent chromium post-treatment (TCP) composition comprises an acidic aqueous
solution having a pH ranging from about 2.5 to 4.5 and preferably 3.7 to 4.0, and per liter
of said solution, from about 0.01 to 22 grams of a water-soluble trivalent chromium salt,
about 0.01 to 12 grams of an alkali metal hexafluorozirconate, about 0.01 to 12 grams of at
20  least one fluoro-compound selected from the group consisting of an alkali metal tetrafluo-
roborate, an alkali metal hexafluorosilicate and various combinations thereof, from about (
to 10 grams and preferably 0 to 2.0 grams of at least one water-soluble thickener, and from
0 to 10 and preferably 0 to 10 grams of at least one water-soluble non-ionic, cationic or
anionic surfactant.

25 It is a feature of a preferred embodiment of this invention to provide an aqueous

solution comprising a trivalent chromium salt, an alkali metal hexafluorozirconate, and a
tetrafluoroborate and/or hexafluorosilicate for post-treating anodized aluminum and its
alloys to improve the adhesion bonding, abrasion, and corrosion-resistance characteristics.
It is another feature of this invention to provide a stable acidic aqueous solution
30  which in a preferred embodiment has a pH ranging from about 2.5 to 4.5 containing a

trivalent chromium salt for treating or sealing anodized aluminum and its anodized
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alloys.

It 1s a further feature of an embodiment of this invention to provide a stable
acidic aqueous solution having a pH ranging from about 3.7 to 4.0 containing
trivalent chromium for treating or sealing anodized aluminum and its alloys at about
room temperature wherein said solution contains substantially no hexavalent
chromium.

These and other features of the invention will become apparent by reference
to the detailed description.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a photo of a boric-sulfuric acid anodized 2024-T3 with TCP (trivalent
Chromium Post-Treatment) after exposure to 1000 hours of ASTM-B 117 neutral
salt fog test.

Fig. 2 1s a photo of a thin-film sulfuric acid anodized 2024-T3 with TCP post-
treatment after exposure to 1000 hours of ASTM-B 117 neutral salt fog test.

Fig. 3 is a photo of a boric-sulfuric acid anodized 2024-T3 with chromate post-
treatment, after exposure to 1000 hours of ASTM-B 117 neutral salt fog test.

Fig. 4 is a photo of a thin-film sulfuric acid anodized 2024-T3 with chromate
post-treatment after exposure to 1000 hours of ASTM-B 117 neutral salt fog test.

Fig. 5 1s a photo of a boric sulfuric acid anodized 2024-T3 with hot water post-
treatment after exposure to 1000 hours of ASTM-B 117 neutral salt fog test.

Fig. 6 is a photo of a thin-film sulfuric acid anodized 2024-T3 with hot water
post-treatment after exposure to 1000 hours of ASTM-B 117 neutral salt fog test.
DETAILED DESCRIPTION OF THE INVENTION

More specifically, this invention relates to an acidic aqueous solution having a
pH ranging from about 2.5 to 4.5, and preferably from about 3.7 to 4.0 and to the use
of said solution for post-treating or sealing anodized aluminum and its alloys to
improve the adhesion bonding and corrosion-resistance properties of the anodized
aluminum(s). The novel compositions of this invention comprise, per liter of solution,
from about 0.01 to 22 grams and preferably from about 4.0 to 8.0 grams e.g. 6.0
grams of at least one water soluble trivalent chromium salt e.g. chromium sulfate,
about 0.01 to 12 grams and preferably about 6 to 10 grams e.g. 8.0 grams of at least

one alkali metal hexafluorozirconate, about 0.01 to 12
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grams and preferably about 0.12 to 1.2 grams e.g. 0.24 to 0.36 grams of at least one fluoro-
compound selected from the group consisting of alkali metal tetrafluoroborates, alkali metal
hexafluorosilicates and various mixtures or combinations thereof.

In some processes, depending on the physical characteristics of the anodized
aluminum e.g. the physical size of the anodized substrate, an unique 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. In addition, 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 feature
yields films that have no streaks and are better in coloration and corrosion protection.

The water-soluble thickeners such as the cellulose compounds are present in
the acidic aqueous solution in amounts ranging from about 0 to10 grams and preferably
from O to 2.0 grams and more preferably from 0.5 to 1.5 e.g. about 1.0 gram per liter of the
aqueous solution. Depending on the characteristics of the anodized aluminum, an effective
but small amount of at least one water-soluble surfactant can be added to the acidic solution
in amounts ranging from about O to 10 grams and preferably from O to 2.0 grams and more
preferably from 0.5 to 1.5 grams e.g. 1.0 gram per liter of the acidic solution. These
surfactants are known in the prior art and are selected from the group consisting of non-
ionic, cationic and anionic surfactants.

The trivalent chromium is added as a water-soluble trivalent chromium
compound, preferably as a trivalent chromium salt. Specifically, in formulating the acidic
aqueous solutions of this invention, the chromium salt can be added conveniently to the
solution in its water soluble form wherein the valence of the chromium 1s plus 3. The
preferred chromium compounds are incorporated in the solution in the form of Cr(S0O4)s,
(NH4)Cr(SO4), or KCr(S0,), and any mixtures of these compounds. The aluminum
substrates are either pure anodized aluminum or an anodized aluminum alloy containing
over 60% by weight of aluminum. A preferred trivalent chromium concentration 1s within
the range of about 4 to 8 grams or 6.0 grams per liter of the aqueous solution. It has been
found that particularly good results are obtained for these processes when the trivalent
chromium compound is present in solution in this preferred range. The preferred metal
fluorozirconate addition to the solution ranges from about 6 to 10 grams or 8.0 grams per
liter of solution. The post treatment of the anodized aluminum can be carried out at low
temperatures including the temperature of the solution e.g. temperatures ranging up to

4 -
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about 200°F or at ambient temperatures. Room temperature treatment is preferred in that
this eliminates the necessity for heating equipment. The coating may be air dried by any
of the methods known in the art, for example, oven drying, forced air drying, exposure to
infra-red lamps, etc. For purposes of this invention, the terms anodized aluminum and
anodized aluminum alloys include aluminum and its alloys anodized by methods known

1n the art.

The following Examples illustrate the acidic solutions of this invention and

the method of using the solutions in post-treating or sealing anodized aluminum and

aluminum alloys.
EXAMPLE 1

An acidic aqueous solution having a pH ranging from about 3.7 to 4.0 for
post-treating anodized aluminum and aluminum alloys to improve the corrosion-resistant
and adhesion bonding comprises from about 6.0 grams of trivalent chromium sulifate per
liter of solution, about 8.0 grams of potassium hexafluorozirconate per liter of solution,
about 0.01 gram of potassium tetrafluoroborate per liter and about 1.0 gram of a cellulose

thickener per liter and about 1.0 gram of a water soluble nonionic surfactant per liter of

solution.

EXAMPLE 2

An acidic aqueous solution having a pH of 3.7 to 4.0 for post-treating
aluminum and its alloys to improve adhesion bonding and corrosion-resistant which
comprises, per liter of solution, from about 0.01 to 22 grams of trivalent chromium sulfate,
about 0.01 to 12 grams of potassium hexafluorozirconate, about 0.01 to 12 grams of

potassium tetrafluoroborate and from about 0.5 to 1.5 grains of methylcellulose thickener.

EXAMPLE 3

An acidic aqueous solution having a pH ranging from 3.7 to 4.0 for post-
treating anodized aluminum and its alloys to improve adhesion bonding and corrosion-
resistant which comprises, per liter of solution, from about 4.0 to 8.0 grams of trivalent

potassium-chromium sulfate (KCr(S0O4),), about 6 to 10 grams of potassium

‘hexafluorozirconate about 0.01 to 12 grains of potassium hexatluorosilicate and from about

0.5 to 1.5 grams of methylcellulose thickener.
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EXAMPLE 4

A preferred method of preparing the acidic solution comprises mixing about
0.01 to 22 grams per liter of solution of chromium III sulfate and preferably about
6.0 grams per liter with about 0.01 to 12 grams per liter of solution of potassium
hexafluoro-zirconate, preferably about 8.0 grams per liter in distilled or deionized
water. The composition is ready to use after a dwell of 24 hours, most preferably
after the pH of the solution has risen between 3.7 and 4.0. About 0.1 weight percent
of Methocel® F4M, or about 1.0 gram per liter is used for optimum performance.
The addition of potassium tetrafluoroborate and/or potassium hexafluorosilicate
ranges from (.01 grams per liter up to their solubility limit. Preferably, the addition
is about 50% by weight of the fluorosilicate based on the weight of fluorozirconate.
About 1.0 to 10 weight percent of the fluoroborate salt is added based on the amount
of the fluorozirconate salt. More preferably, about 3.0 weight percent of potassium
tetratfluoroborate is added to the solution based on the amount of the fluorozirconate
In solution.

In the process of this invention, the above solutions may be stabilized by the
manipulation of pH. For example, a freshly made solution of about 8.0 grams per
liter of potassium hexafluorozirconate and 6.0 grams per liter of chromium III
sulfate, was added to a dilute sulfuric acid to lower the pH to about 3.0. After about
1 week the pH rises to about 3.6 where it stabilizes without further chemical
manipulation. The pH can be adjusted with acid or base additions to keep the
composition in an optimum pH range for the coating deposition.

For purposes of this invention, the post-treatment coatings were applied to
anodized aluminum substrates as follows. Three types of standard anodize processes
were used. All types are specified by MIL-A-8625F. Their common names are
“Type II sulfuric acid anodize”, “boric sulfuric acid anodize”, and *“thin-film sulfuric
acid anodize”. The type Il anodize process is commonly used on a variety of
aerospace and other substrates where fatigue performance is not critical. The thin-
film sulfuric and boric-sulfuric processes are used as alternatives to chromic acid
anodizing. These anodize methods provide thinner films and are used especially
where fatigue performance of the aluminum substrate is important

For optimum corrosion resistance all anodized aluminum coatings require a
post-treatment or sealer that is typically based on hexavalent chromium for optimum

performance. In addition, these post-treatments are typically applied as solutions at

-6 -
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elevated temperatures, approaching the boiling point of water to properly form the desired
coating. For example, immediately after anodizing 3” by 10” by 0.32” alum-inum panels of
2024-T3 aluminum alloys in the thin-film sulfuric and boric-sulfuric acid anodize described
above, the panels were rinsed thoroughly two times in deionized water. Immediately after
rinsing, the panels were immersed into a 6-month old 9-gallon solution as shown in
Example 4 for about 20 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 1000 hours of neutral salt fog per ASTM B 117. The coupons
were held in a rack at 15 degrees for the duration of the test. These panels were tested
alongside “controls” that consisted of a similarly-anodized aluminum that was post treated
either by immersing in a 200°F solution of potassium dichromate for 20 minutes or
immersing in a 200°F boiling water solution for 20 minutes.

The data in Tables I, I1, III and IV and the photos (Figs. 1-6) show the performance
of the post-treatments: (1) the (TCP) trivalent chromate post-treatment of this invention,
(2) dilute chromate, (3) hot water post-treatment and (4) TCP with hot water after
exposing the panels to 1000 hours of ASTM B 117 neutral salt fog. As shown in the Tables,
and the photos, the TCP post-treatment of this invention provided superior corrosion
resistance, and retained the original iridescence that the coatings had prior to the salt fog
test. The test specimens were prepared per Example 4, using 2024-T3 and 7076-T6
aluminums. In addition, the fourth post-treatment was prepared as follows: This post
treatment was applied by immersing the anodized aluminum in a TCP solution prepared as
In Example 4. After the TCP immersion, the panels were immersed in 200°F deionized
water for 20 minutes. Instead of testing these coatings for corrosion performance, the
resistance of the coatings to acid was determined. The acid dissolution test was carried out
by weighing each panel, immersing in a hot stripping solution of chromic acid and
phosphoric acid per MIL-A-8625F, rinsing thoroughly in deionized water, and air drying
at ambient conditions. After drying, the panels were re-weighed. The recorded weight loss
demonstrates the ability of various post-treatments to resist the corrosive acidic
environment of the stripping solution.

Table 1 shows the average weight loss of three different panels for each post
treatment and anodize coating composition. The TCP post-treated and TCP hot water
post-treated systems show better performance (less coating weight lost) than the dilute
chromate and hot water post-treatment controls. Similar results were observed for coating

systems on 2024-T3 and 7075-T6 aluminums.
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- TABLE 1
Anodize Aluminum | Post Treatment Average Coating Weight Lost
Boric-Sulfuric Dilute chromate 1392 mg/sq.it. B
‘ Hot water seal 176
TCP (trivalent chromate post | 83
treatment)
' TCP plus hot water seal 6
Thin-Film Sulfuric E Dilute chromate 365
Hot water seal 130 |
TCP 59 |
TCP plus hot water 2 |
Sulfuric Dilute chromate 664 |
' Hot water seal 335
TCP 340
TCP plus hot water seal | 15

The 1000 hour Neutral Salt Fog Exposure of various anodized aluminums

with various post-tredtments 1s shown in Tables II, III and IV. The corrosion ratings

(ASTM D 1654) are given with 10 representing no corrosion and O fully corroded.

The corrosion ratings can be seen in the photos, Figs. 1-6.

Anodize Type

Boric-Sulturic (Type IC)

TABLE Il

Aluminum Post

Alloy L Treatment  Results

2024-T3 none O
none 0
dilute chromate 4
hot water 1
TCP (20 min. immersion) 10
TCP 20 min. + hot water 10

7075-T6 none O
none O
dilute chromate ]
hot water | 6

TCP (20 min. immersion) 10
TCP 20 min. + hot water 10



10

15

20

25

30

35

40

435

WO 03/040437

Anodize Type

CA 02466045 2004-05-04
PCT/US02/35599

TABLE III
Aluminum Post
Alloy Treatment ~__Resulis

Thin Film sulfuric
(Type 1IB)

Anodize Type

2024-T3 none
none
dilute chromate
dilute chromate
hot water
hot water
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP 20 min. + hot water
TCP 20 min. + hot water
7075-T6 none
none
dilute chromate
dilute chromate
hot water
hot water
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP (20 min. immersion)

p— —_

— el
o OO O

TABLE 1V

Aluminum Post
Alloy Treatment Results

Sulfuric (Type 1I)

2024-T3 none
none
dilute chromate
dilute chromate 1
hot water
hot water
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP 20 min. + hot water
TCP 20 min. + hot water
7075-T6 none
none
dilute chromate
dilute chromate
hot water
hot water
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP (20 min. immersion)
TCP (20 min. immersion)
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For purposes of this inveﬁtion, the water soluble surfactants can be used in
effective amounts ranging from about O to 10 grams per liter, preferably from 0.0 to about 2.0
grams per liter and more preferably about 0.5 to 1.5 grams per liter of the post treatment
solutions. The surfactants are added to the aqueous solutions to provide better wetting
properties by lowering the surface tension thereby insuring complete coverage and a more
uniform coating on the anodized aluminum substrate. The surfactants include at least one
water soluble compound selected from the group consisting of the non-ionic, anionic, and
cationic surfactants. Some of the known water soluble surfactants include the
monocarboxyl imidoazoline, alkyl sulfate sodium salts (DUPONOL®), tridecyloxy
poly(alkyleneoxy ethanol), ethoxylated or propoxylated alkyl phenol (IGEPAL®), alkyl
sulfoamides, alkaryl sulfonates, palmitic alkanol amides (CENTROL®), octylphenyl
polyethoxy ethanol (TRITON®), sorbitan monopalmitate (SPAN®), dodecylphenyl
polyethylene glycol ether (e.g. TERGITROL®), alkyl pyrrolidone, polyalkoxylated fatty
acid esters, alkylbenzene sulfonates and mixtures thereof. Other known water soluble
surfactants are disclosed by "Surfactants and Detersive Systems”, published by John Wiley
& Sons 1n Kirk-Othmer's Encyclopedia of Chemical Technology, 3" Bd.

When large anodized aluminum surfaces or substrates do not permit
immersion or where vertical surfaces are to be sprayed, thickening agents are used to
retain the aqueous solutions on the surtace for sufficient contact time. The thickeners
employed are known water soluble thickeners which can be added to the trivalent
chromium solutions of this invention in effective amounts ranging from about O to 10
grams per liter and preferably from 0.0 about 2.0 grams per liter and more preferably
trom about 0.5 to 1.5 grams per liter of the acidic solution. Specific examples of these
additives particularly include the cellulose thickeners e.g. hydroxypropyl cellulose
(e.g. Klucel), ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl cellulose, methyl
cellulose, and some of the water soluble inorganic thickeners such as colloidal silica, clays
such as bentonite, starches, gum arabic, tragacanth, agar and any combination thereof.

While this invention has been described by a number of specific examples, it is
obvious that there are other variations and modifications which can be made without
departing from the spirit and scope of the invention as particularly set forth in the appended

claims.

- 10 -
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CLAIMS:

1. A process for post-treating anodized aluminum and anodized
aluminum alloys to improve the corrosion-resistance, abrasion, and adhesion
bonding properties which comprises sealing the anodized aluminum and
anodized aluminum alloys with an acidic aqueous solution having a pH
ranging from about 2.5 to 4.5 comprising, per liter of said solution, from
about 0.01 to 22 grams of a water soluble trivalent chromium salt, about 0.01
to 12 grams of an alkali metal hexafluorozirconate, and about 0.01 to 12
grams of at least one fluoro-compound selected from the group consisting of
an alkali metal tetrafluoroborate, an alkali metal hexafluorosilicate and

mixtures thereof.

2. The process of claim 1, wherein the acidic aqueous solution
further comprises at least one of:(a) 10 grams or less of at least one water
soluble thickener; and (b) 10 grams or less of at least one water soluble

surfactant.

3. The process of claim 1 or 2, wherein the pH of the aqueous
solution ranges from about 3.7 to 4.0 and the temperature of the aqueous

solution is about room temperature.

4. The process of claim 3, wherein an amount of the trivalent

chromium salt ranges from about 4 to 8 grams, an amount of the

hexafluorozirconate ranges from about 6 to 10 grams, and an amount of the

fluoro-compound ranges from about 0.12 to 1.2 grams.

S. The process of claim 2, wherein an amount of the thickener

ranges from about 0.5 to 1.5 grams.

6. The process of claim 2, wherein an amount of the surfactant

ranges from about (0.5 to 1.5 grams.
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7. The process of claim 1, wherein the aqueous solution has a pH
ranging from about 3.7 to 4.0, and wherein the aqueous solution comprises,
per liter of said solution, from about 4.0 to 8.0 grams of the water soluble
trivalent chromium salt, about 6.0 to 10 grams of alkali metal
hexafluorozirconate, and about (.12 to 1.2 grams of the at least one fluoro-

compound.

8. The process of claim 7, wherein the fluoro-compound is present
in the solution in an amount ranging from about 0.24 to 0.36 grams and the
post- treated anodized aluminum is subsequently treated with water at

temperatures ranging up to 200°F.

9. The process of claim 7, wherein about 0.5 to 1.5 grams of a

cellulose thickener is present in the aqueous solution.

10.  The process of claim 7, wherein the chromium salt is trivalent

chromium sulfate.

11.  The process of claim 7, wherein the alkali metal

hexafluorozirconate is potassium hexafluorozirconate.

12. A composition for post-treating anodized aluminum and
anodized aluminum alloys to improve the corrosion-resistance, abrasion, and
adhesion bonding properties which comprises an acidic aqueous solution
having a pH ranging from about 2.5 to 4.5, and per liter of said solution, from
about 0.01 to 22 grams of a water-soluble trivalent chromium salt, about 0.01
to 12 grams of an alkali metal hexafluorozirconate, and about 0.01 to 12
grams of at least one fluoro-compound selected from the group consisting of

an alkali metal tetrafluoroborate, an alkali metal hexafluorosilicate, and

mixtures thereof.
13. The composition of claim 12, further comprising at least one

of:(a) 10 grams or less of at least one water soluble thickener; and (b) 10

grams or less of at least one water soluble surfactant.
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14.  The composition of claim 12, wherein the pH of the aqueous

solution ranges from about 3.7 to 4.0.

1S.  The composition of claim 14, wherein an amount of the trivalent
chromium salt ranges from about 4.0 to 8.0 grams, an amount of the
hexafluorozirconate ranges from about 6.0 to 10 grams, and an amount of the

fluoro-compound ranges from about 0.12 to 1.2 grams.

16. The composition of claim 13, wherein an amount of the

thickener ranges from about 0. 5 to 1.5 grams.

17.  The composition of claim 13, wherein an amount of the

surfactant ranges from about 0.5 to 1.5 grams.

18. A composition for seal-coating anodized aluminum and
anodized aluminum alloys to improve the corrosion-resistance, abrasion, and
adhesion bonding properties which comprises an acidic aqueous solution
having a pH ranging from about 3.7 to 4.0, and per liter of said solution, from
about (.01 to 22 grams of a water soluble trivalent chromium salt, about 0.01
to 12 grams of an alkali metal hexafluorozirconate, and about 0.01 to 12
grams of at least one fluoro-compound selected from the group consisting of
an alkali metal tetrafluoroborate, an alkali metal hexafluorosilicate and

mixtures thereof.

19.  The composition of claim 18, further comprising at least one of:
(a) 2 grams or less of at least one water soluble thickener; and (b) 2 grams or

less of at least one water soluble surfactant.
20.  The composition of claim 18, wherein the tetrafluoroborate is

present in the acidic aqueous solution in an amount ranging from about 0.24

to 0.36 grams per liter.
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21.  The composition of claim 19, wherein about 0.5 to 1.5 grams of

a cellulose thickener is present in the acidic aqueous solution.

22.  The composition of claim 18, wherein the chromium salt is

trivalent chromium sulfate.

23.  The composition of claim 18, wherein the alkali metal

hexafluorozirconate is a potassium hexafluorozirconate.
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