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CORROSION RESISTANT COATINGS FOR
ALUMINUM AND ALUMINUM ALLOYS

BACKGRQUND OF THE INVENTION

Field of the Invention

This invention relates to the protection and surface treatment and coating of
metal substrates and to surface treatment and coating compositions employed as
solutions or dispersions and to the method of using these compositions for the treatment
of aluminum, aluminum alloys and coated aluminum substrates. The compositions
coated on the metal surfaces provide improved corrosion resistance, adhesion of
overlaying coatings e.g. paints, and maintains low electrical contact resistance in a
corrosive environment. More specifically, this invention relates to a novel corrosion
resistance composition and to the process of using the composition on aluminum,
aluminum alloys and coated aluminum substrates which comprises an acidic aqueous
solution containing effective amounts of at least one water soluble trivalent chromium

salt, an alkali metal hexafluorozirconate, at least one water soluble thickener and water

soluble surfactants.
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Descniption of Prior Art

It is a current practice to improve the corrosion resistance and bonding of
subsequent coafings to metal surfaces by initially coating or treating the metal surface
with protective films. The coating enhances the corrosion resistance of the unpainted
metal surface and prepares the surface for a finish coating such as paint. These
conversion coatings are meost often applied by the use of hexavalent chromium-
containing solutions. While these coatings provide good corrosion resistance, attempts
have been made to provide a more acceptable non-chromate denved coating because of
the growing concern regarding the occupational, safety, health and environmental effects
of hexavalent chromium. Hexavalent chromium is highly toxic and 18 2 known
carcinogen. Therefore, the solutions used to deposit these protective films and the films
per se are toxic carcinogenic. Chromate films, however, provide outstanding paint
adhesion and corrosion resistance and are easy to apply by various methods including
immersion, spraying or by the wipe-on technique. Enviropmental laws and OSH
regulations are.forcing the military and commercial users to find other non-toxic non-
chromate pretreatments. Moreover, the nse of chromate conversion coatings 1s becoming
more expensive as-the regulations are being enforced and .costs become prohibitive with
the restrictions being imposed by the EPA. In addition, certam processes like spraying
chromate conversion.coatings are forbidden because of OSH, thereby forcing the use of
less-than optimum alternative methods.

More specifically, it is known that aqueous chromate solutions contain chemicals
that partially dissolve the émface,. of the metal and form insoluble films known as

- chromate conversion coatings. These coatings are corrosion resistant and protect the

metal from vanous elements which cause corrosion. Although the conversion coatings
enhance corrosion resistance and improve the paint bonding properties, the coatings have
a serious drawback, i.e., the toxic nature of the solutions from which they are made and
the presence of hexavalent chromium in the applied films. This is a serious problem from

the standpoint of the operators handling the solution e.g. disposing the used chromate
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solution and the chromate-contaminated rinse water, the coating systems contaminated
with chromates. These problems, however, can be avoided by eliminating the
hexavalent chromium from the process. However, this method is expensive and can be
a major cost factor in the overall metal treating process. Therefore it is highly desirable
to provide processes and protective coatings which are free of hexavalent chromium,
but at the same time capable of imparting corrosion resistant and paint bonding
properties which are comparable to those imparted by conventional chromate-based
conversion coatings. Of particular interest is the use of chromate conversion coatings
on aluminum alloys e.g. the coating of large objects such as aircraft. It would be
desirable to provide a protective coating for aluminum, its alloys and coated aluminum

utilizing relatively non-toxic chemicals that could serve as an alternative to the toxic

hexavalent chromium.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present invention there is provided an

acidic aqueous solution for preparing corrosion resistant coatings on aluminum,
aluminum alloys and coated aluminum substrates which comprises per liter of
solution from about 3.0 grams to about 22 grams of a water soluble trivalent
chromium salt, about 1.5 grams to about 11.5 grams of an alkali metal
hexafluorozirconate, and from about 0.5 to about 10 grams of at least one water
soluble thickener, wherein the pH is from about 2 to about 6 and the solution is free
of hexavalent chromium.

In accordance with another embodiment of the present invention there is
provided a process of preparing a corrosion resistant coating on aluminum, aluminum
alloys and coated aluminum substrates which comprises treating said substrates at
ambient temperatures with an acidic aqueous solution which comprises per liter of
water from about 3.0 grams to about 22 grams of a water soluble trivalent chromium
salt, about 1.5 grams to about 11.5 grams of an alkali metal hexafluorozirconate, from
about (.5 to about 10 grams of at least one water soluble thickener, wherein the pH is

from about 2 to about 6 and the solution is free of hexavalent chromium.
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In preferred forms, this invention relates to acidic aqueous chromium
compositions i.e. solutions of trivalent chromium salts and to a process of preparing
corrosion resistant coatings on aluminum, aluminum alloys and coated aluminum
substrates which comprises treating or coating the aluminum substrates at ambient
temperatures with effective amounts of the aqueous solution to form a corrosion
resistant coating or film on the surface of the substrate. The acidic solutions of this
invention comprise per liter of water, from about 3 to 22 grams of water soluble basic
trivalent chromium salt, and preferably from 3 to 12 grams of chromium salt e.g. 5-7
grams, about 1.5 to 11, 5 grams, and preferably 3 to 9 grams e.g. 6-8 grams, of an alkali
metal hexafluorozirconate, from about 0 to 10 grams e.g. from 0.5 to 2.0 grams of a
water soluble thickener and from about 0 to 10 grams e.g. from 0.5 to 2.0 grams of a
water soluble thickener and from about 0 to 10 grams e.g. from 0.5 to 2.0 grams of a
water soluble surfactant.

It is therefore a feature of an embodiment of this invention to provide a solution
comprising a trivalent chromium salt and an alkali metal hexafluorozirconate for
preparing corrosion resistant substrates of aluminum, aluminum alloys and coated
aluminum.

It is another feature of an embodiment of the invention to provide an aqueous
solution or dispersion for treating aluminum, aluminum alloys and coated aluminum
which contain trivalent chromium salts to improve the corrosion resistant, paint
adhesion and provide aluminum substrates with low electrical contact resistance in a

corrosive environment.

It is still a further feature of a preferred embodiment of this invention to provide
an aqueous solution comprising a water soluble trivalent chromium salt in combination
with an alkali metal hexaﬂuorozirc-onate, a water soluble thickener and a water soluble
surfactant for preparing corrosion resistant coatings on aluminum and aluminum alloy
substrates.

These and other features will become apparent to those skilled in the art from a

further and more detailed description of the invention as follows:
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DETAILED DESCRIPTION OF THE INVENTION

More specifically, this invention relates to an acidic aqueous solution of a
trivalent chromium salt having a pH ranging from about 2-6 e.g. 4-5 and the use thereof
for preparing corrosion resistant coatings or films on aluminum, aluminum alloys and
coated aluminum substrates which comprises from about 3.0 to 22 grams per liter of
solution and preferably about 3 to 12 grams per liter €.g. 5-7 grams of at least one water
soluble trivalent chromium salt, about 1.5 grams to 11.5 grams and preferably about 3
to 9 grams e.g. 6-8 grams per liter of solution of at least one alkali metal
hexafluorozirconate, from about 0.0 to 10 grams per liter of the solution and preferably
from about 0.5 to 2.0 grams per liter of at least one water soluble or dispersible
thickener e.g. water soluble organic thickener and tfrom about 0.0 to 10 grams per liter
and preferably 0.5 to 2.0 grams per liter of the solution of at least one water soluble
surfactant or wetting agent selected from the group consisting of nonionic, cationic and

anionic

4a
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surfgﬂ:mts. The trivalent chrommm may be added as any water-soluble trivalent
chromium compound, preferably as a trivalent chromium salt. Although the resultant
coating is rinsed with water, it is desirable to use salts that provide anions that are not as
corrosive as the chlorides which mnclide anions selected from the group consisting of
miirates, sulphate, pho sph;te and acetates.

Specifically, in formulating the aqueous coatings of this invention, the chromium
can be added conveniently to the solution in its water soluble form wherein the valence of
the chromium i3 plus 3. The preferred chromium ,compounds are 1Incorporated in the
solution 1n the form of Cry(SO4)s, INH4)Cr(SO4), or KCr(SO4), and mixtures of these
compounds. The aluminum surface is either pure-aluminum, an aluminum alloy or
coated aluminum substrate containing over 60% aluminum. The most preferred trrvalent
chromium concentration is within the range of about 5 to 7 grams per liter of the agqueous
solstion. It has been found that particularly good results are obtained economically when
the chromium is present in this preferred range. The most preferred metal fluorozirconate
addition to the solution ranges from about 6 to = 8 grams per liter. The treatment or coating
of the aluminum surface can be carried out at various temperatures including the
temperature of the solution which ranges from ambient e.g. room temperature up t6 about
200°F. 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
pﬁrposes of this invention, the terms aluminum and aluminum alloys mclude pretreated

or coated substrates of aluminum and its alloys including a process known as ion vacuum
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deposition (IVD) where the aluminum alloy substrat"e 13 pretreated or coated e.g, with
atuminum before the substrate is coated with the trivalent chromium salt solution of this
invention.

The following Examples 1-3 illustrate the solutions of this invention and the
method of using the sohrﬁgns In preparing corrosion resistant aluminum and aluminum
alloy substrates. )

EXAMPLE 1

An acidic aqueous solution for treating aluminum and aluminum alloys to form a
corrosion-resistant coating thereon comprises from about 6.0 grams of trivalent
chromium sulfate per liter of solution, about 8.0 grams of potagsium hexafluorozirconate
per liter of solution and about 1.0 gram per liter of sohition of a cellulose thickener and
about 1.0 gram of a water soluble nonionic surfactant per liter of solution.

EXAMPLE 2

An acidic aqueous solution for treating .aluminum and aluminum alloys.to form a
corrosion-resistant coating thereon which comprises per liter of solution from about 3.0
to 12 graims of trivalent chromium sulfate, about 3 to 9 grams of sodium
hexafluorazirconate and from about 0.5 to 2.0 grams of methylcellulose thickener.

EXAMPLE 3

An acidic aqueous solution for treating alnminum and aluminum afloys to form a
corrosion-resistant coating thereon which comprises, per liter of solution, from about 5.0

to 7.0 grams of a fmvalent potassrum-chromium sulfate (KCr{S04),) about 6 to 8 grams
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of potassium hexatluorozirconate and from about 0.5 to 2.0 grams of a methyl cellulose
thickener.

Prior to forming the trivalent chromium coating (per Example 1), the aluminum
substrates were treated by cleaning the substrates for about 15 minutes at temperatures
ranging from about 100° to 140°F with an alkaline phosphate cleaner, rinsed in tap
water and subsequently immersed in a non-chromate deoxidizer for about 15 to 20
minutes under ambient conditions and then rinsed again in ambient tap water. The
cleaned substrates were then immersed in the acidic trivalent chromium sulfate solution
at ambient conditions for about 30 seconds to 60 minutes and subsequently rinsed in
ambient tap water and let stand until dry. In an alternative process, the aluminum
substrates were degreased by immersion in a cleaner (Turco® 4215) for about 15
minutes at 120°F then rinsed in warm tap water and again immersed in a cleaner (Turco
Smut Go® NC) for about 15 minutes under ambient conditions. After a further water
rinse, the cleaned substrates were immersed in an acidic aqueous solution of trivalent
chromium sulfate containing effective amounts of potassium hexafluorozirconate at
ambient temperatures and then rinsed.

Coating the substrates with the trivalent chromium solution of this invention can
be accomplished by spraying, wiping or immersing the substrate. The duration of
contact ranges from about 5 to 30 seconds, but longer contact, e.g. up to five minutes,
may be required where the trivalent chromium concentration or temperature of the
solution is relatively low. The aqueous solution temperature is normally below 100°C.,
¢.g. in the range of 40° to 75°C. The metal temperature ranges from about 40° to 60°C.

and often around 50°C, prior to the coating treatment. The coating is rinsed with water,
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dried and then painted e¢.g. with an epoxy primer and/or paint.
The following Examples 1 through V illustrate the trivalent chromium

pretreatment solutions of this invention and the use thereof in coating aluminum alloys

as shown in Tables C, D, E and F.

EXAMPLE (TCP1) 1

A trivalent chromium pretreatment (T'CP) acidic aqueous solution was prepared
with about 0.6 grams per liter of solution of basic trivalent chromium sulfate and about

0.8 grams per liter of solution of potassium hexafluorozirconate.

EXAMPLE (TCP10) II

A trivalent chromium pretreatment (TCP) acidic aqueous solution was prepared
with about 6.0 grams per liter of solution of basic trivalent chromium sulfate and about

8.0 grams per liter of solution of potassium hexafluorozirconate.

EXAMPLE (TCP1M4) 111

A trivalent chromium pretreatment (TCP) acidic aqueous solution was prepared
with about 0.6 grams per liter of solution of basic trivalent chromium sulfate, about 0.8
grams per liter of solution of potassium hexafluorozirconate and about 0.4 percent by

weight of the solution of a cellulose compound (Methocel® F4M).

EXAMPLE (TCP 2M4 AND TCP 10M4) IV AND V
Examples [V and V (TCP2M4 and TCP10M4) are the same as aqueous

solutions TCP1 and TCP10, respectively, except that each of these solutions also

contained about
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0.4 percent by weight of the aqueous solution of hydroxy methyl cellulose (Methocel

F4M) as the thickener.

The pH of various trivalent chromium pretreatment (TCP) solutions over time is

shown in Table E.
5 TABLE E
pHon 10/28 |pHon11/4 |pHon 11/10 | pHon 11/22 | pH on 12/14
day mixed) |
TCP1 | 39 403}
TCP10 3.82
TCP1m4 397  13%7 |
TCP2M4 [ 3.41 3.95 __
TCPloMA [323 382 375
The testing of bare corrosion of the trivalent chromium prefreatment is shown in
Table F.
TABLE F -
Composition |Dayl  |Day2  |[Day6  [Dayl4
TCP1 r 0
TCPI0 |10 10 9
“TCPIMA4 7 6 15 13 i
5 s 7 e ]
TCP10MA 16 5 N

10
The coated aluminum alloy (2024-T3) samples (Table ¥) were placed in a neutral
salt fog (per A$TM-B-I 17) for about 336 hours at 6°C. The corrosion ratings of the
coated samples were based on the ASTM-D1654 test wherein the coated samples were

rated from 0 to 10 with 10 representing the best performance.
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The necessity of using a thickener in the trivalent chromium pretreatment

solutions of this invention is illustrated in the Examples shown 1n Table C and Table D. -
In Table C, the aluminum alloy coupons were treated with the solution of Example I
(TCP-I) which did not contain the thickener. Table C shows that the average coating

5  weight is about 24.65 mgfﬁ?. In comparison, the data in Table D shows that where the
thickener (Methocel F4M) was used in the solution (Example HI-TCP1M4), the average
coating weight was 28.56 mg/R”. Thus, in comparing the data of Table C with Table D,
%t was found that the chromium pretreatment solution (Example III-TCP1M4) containing .
the thickener (Methocel ¥4M) resulted n coaﬁﬁgs on the aluminum alloy to be about

10 16% heavier.

TABLE €
Coupon ID - Allov of Aluminum - CS We{ 1t (me/{t2) )
6061-T6 23.04
6B B 6061-T6 . |259
2A 2024-T3 24.96
2B ° 2024-T3 _' 25.95
Average CW: 24.65
TABLED
ATioy of Alumtmum
6061-T6 84
5061-T6 28.0
2024-T3 _127.84
2B - 2024-T3 _129.76 L
Average CW: 28.56 '
15 The panels of aluminum no’s. 7-1 through 7-108 in Table G show the aluminum

coupons (7075-T6) ireated with an aqueous trivalent chromium sohution (TCP-10/M2) to

10



10

15

20

25

30

CA 02425661 2009-05-19

provide paint adhesion data on various aluminum substrates using Milspec paints. The
paint adhesion data was obtained by using modified test (AST D-3359 Method A). The
columns 2-5 of Table G identify various paints including SPT as a self-priming topcoat
(TT-P-27561), 23377 as a chromated high solids epoxy primer, 85582 as chromated
waterborne epoxy primer, and 85582N as a non-chromated waterborne epoxy primer.

Column 6 of Table G shows the wet taper adhesion test performed 1, 4 and 7
days immersed in water followed by scribing and tape pulling. Column 7 of Table G
shows the method of applying solutions of the chromium pretreatment (Accelagold®
and Alodine®) of this invention including “S” for spraying, “W” for wipe and “I” for
immersion of the aluminum coupons. Column 8 of Table G shows the paint adhesion
rating for each coupon (ASTMD-33) with 5A being the best and column 9 shows the
blistering rate for the paint systems (ASTMD-714).

11
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Table G

Examples 7-1 through 7-53
Columns 2-9

7075-T6 6 7 B 8 9 )
Adhesion
SPT | 23377 Test l Pretreat Ratin Blistering
el L AD WTA Accelagold-S | A e none o
e e LADWTA | Accelagold-S | oA o -
................................. /DWTA [ __Accelagold-S | S5A | _nhone
JADWTA | Accelagold-S _5A .hone
.................... ADWTA | _Accelagold-S | SA | ~—~~ ~ none
/DWIA | Accelagold-S | S5A 1 none
IDWTA | A 99§.!§99J.9..§.m.. _5A _{ . hone
1 ) hone
i hone_ —
hone
O
o hone
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ none
~50 #8/#10 blisters at
4D W'"[ﬁgm Alodine 1200S-W |  4A | random spots and edges _
~50 #6/#8 blisters on one
half of coupon and along
_IDWTA | Alodine 1200S-W |  4A .......dges
1D WTA Alodine 12008~W ___BA “none
} ~15 #8/#10 blisters in one
4D WTA Alodine 1200S-W |  BA | ___corner
7DWTA | Alodine 1200S-W | 5A | _none
iDWTA | Alodine 1200S-W 5A° |  none
4D WTA | Alodine 1200S-W [ 5A { none ]
___________________ 7DWTA | Alodine 1200S-W |  5A | none ]
................... 1DWTA | Alodine 1200S-W |  5A ' none
_4DWTA | Alodine 1200S-W 5A none

AAAAAA iy w——

1D WTA Alodine 1200S-|

7DWTA | Alodine 1200S-W }'“’"”“"‘5}“‘“’“““‘“‘ T o

| ADWTA _Alodine 120081

PO PLpeEp—— > bl

PN PR T S E— Y

AA M PSPPSR P—p—

I

.
7DWTA | Alodine 12008S-] WI_% 5A  none_
1Dwy5mjl_ Alodine 1200S-I | 5A __none |
4DWTA | Alodine1200S-I | 5A | " none
ZD"WTAUJ Alodine 1200S-1 _BA 1 none

| IDWTA | Alodine1200S-1 | 5A | none
| 4ADWTA | Alodine1200S-f | B5A |  none
- ...19...‘1!%...1 Alodine1200S-1__| BA | none
IDWTA | TCPiO-W | 4A ~ none
ADWTA | TCP1O-W | BA none
., “"“Z“QMH AAAAAAA TCP1O-W | 4A 6 none _
IDWTA | TCPiO-W | BA | __none
ADWTA | TCP10-W BA | - none
| TBWTA | TCPIO-W | 5A | few random #10 blisters
............................... JDWTA | TCPiO-W | 5A | none
_ADWTA | TCPIOW | BA f  none )
............. 7/DWTA | TCPiO-W | ~BA | " "none
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ IDWTA | TCPiO-W i SA | none
J ADWTA | TCP1O-W SA .. hone
7/DWTA | TCP1O-W L BA none _
o | IDWTA | TCPiO-S | 4A | none
4DWTA ] TCP10-S | 5A I ""nope
IDWTA | TCP10-S | BA | " none )
......... 1 IDWTA | TCcP10-S | B5A | ""none
| 4DWTA [ TCP10-S | B5A | ""none ]

SUBSTITUTE SHEET (RULE 26)
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Table G
Examples 7-54 through 7-108
Columns 2-9
7075-T6 2 3 4 5 6 7 8 9

Adhesion

Panel SPT | 23377 | 85582 | 85582N Test Pretreat Rating Blistering
S o TR WU NP, SUNUS SR S /DWITA | .. . TOP10:S DB ) none____.
....... Lhoi= TN NN N | e AOWTA N TOPIOS L BA |ohone
........ 756 | bl lwm..,.“,...ﬁ..“..“.. ADWIA L JGP10S \ SA N hene
...... 757 . el DWTA | JGP1O-S ) BA none
kD8 L K IDWIA | TCP10-S | . OA it ONS i
69 T . ,.....‘.}..D....W...I&...i ....... TOP10-S_ . L= S N 1.1 | SN
1-60 /DWIA | JTCP10-S | ! OA ! none
e X e d 1 .QWW..,Iﬁi.. B[S A T none
7-62 4D WTA _T16P10-l BA | none
7-63 L 7DWTA |  TCPi0-l |  4A I " none
764 ADWTA | TCPiod { “5A [ none
I " ~15 #8 blisters along one
7-65 4DWTA | TCP10-l_ 6A | _edge
166 7DWTA l ~_TCP10- m!“_ 5A B __none
7-67 | o X i ibwrAl  TCPiol 1 S5A 1 "none
7-68 | lx _ADWTA | TCP10d |A B5A | " none
769 7DWTA |  TCP104 | 5A | —  none 1
_7-70 IDWTA | TCPtol | BA | none .
o _ADWTA | TCPiod | BA hone J
775 IDWTA | ~ TCPf0-l | BA I none
773 _ADWTA | TCPiOM2W | OA __none ]
I ! ~~15 #8 blisters in two small '
7-74 4D WTA TCP1OM2-W |  BA _areas )
) l ~50 #8/#10 blisters in
7-75 DWTA 4 __TGP1oM2-W ! ___5A _Streaks on coupon ends
776 B | IDWTA |  TCPiOM2-W 2A none
l streaks of #8/#10 blisters
1T X ‘l 4DWTA | TCPI1OM2-W | 4A |  on~10%ofpanel
- ) | streaks of #8/#10 blisters
478 11 o /DWTA | TCPi1OM2-W SBA 1. on~/5%ofpanel
779 P | ~ | 1IDWTA TCP1OM2-W |  B5A ’w __none_
_7-80 | 4DWTA TCP1OM2-W | 5A _ none_
_7-81 \ 7DWTA | TCPiOM2-W | 5A I ______none_
7-82 IDWTA | TCP1OM2-W_ 4 BA | T none
_7-83 4DWTA |  TCP10oM2-W 5A_ ] none J
7-84 _7DWTA |  TCPiOM2-W | B5A | __none
7-85 1D WTA TCPiOM2-S | 4A | " none |
786

TCPiOM2-S 4A none

L
)
—
4D WTA { TToPIOM2S | 4A T Thome
|

___7-88 | IDWTA | TCPioM2-S I BA ___none
l row of #10 blisters along
7-89 | 4DWTA |  ToPioM2S | BA | oneedge (streak)
__7-90 ] 7TDWTA | TCPiOM2-S | B5A | none
e [ IDWTA | TCPTOM2-S | A |~ " “"none
7-92 _JLLADWTA | TCPiOM2-S | BA | none
_7-93 | 7DWTA | _TCcPioM2-S | B5A [ " "none
794 ADWTA | TCPioM2-S | BA | none
_1-95 ADWTA | TCPIOM2-8  J BA | —  none
7-96 _ZDWTA | TCPtoM2-S |  BA | ""none
97 IDWTA |  TCP1OM2-l | 4A | __none.
o 7-98 | N . iD_,WIéM{ . JCPioM2-l 1 5A | "none
89 /DWTA | TCPioM2-l 1 4A —_____mone_____
7100 | ood I IDWTA | TCPIOM2l | A .l mone
line of #10 blisters along
G (L e SO WA 4 TCPAOM2-l | 3A | center of coupon and edge
102 X _IDWTA | TCP10OM2-| SA__{ . none |
,,,,,,,,,, 7-103 o | ADWTA | FCPTOM2T | BA T hone
704 X T T AD WA | ToPtoMad [ 5A T nong Wl
AT #,_%*ZD_WTA | TCPioMed | BA T T none
7108 | | X | IDWTA | TCPiOM2-l | B5A I "none |
rtor 4 4 bV X L ADWTA ) TOPfOM2-  J - BA | none ]
_7-108 /DWTA | TCPioM2f |  BA | none
13
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The date 1 Table H shows aluminum coupons (7075-T6) treated with the

trivalent chromium pretreatment (TCP-10M2) of this invention.
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TABLE H

Examples 7-1 through 7-37

7075-1T6 1 2 3 4 5 $) 7
Panel SPT | 23377 | 85582 | 85582N Test Pretreat Resulis N
............... A Xl 2000hrnsf | Accelagold-S | 10(s.c.),10,10
oor2 X |_2000hrnsf | Accelagold-S | ~10(s.c),10,10
b, 7:. :§ .................... X ............................. S U ZQOO_hmrngf ............ A 9091%9°Jd“$ ....... s 1 “Q(S“Q),'l 0,1 0
IR e SO WD, S S P 2000 hrnsf | Accelagold-S | 10 (s.c.),10,10
R o2 T TR, S N I {...2000 hrnsf | Accelagold-S | 10 (s.c.),10,10
6 1. S R N ). 800hrS0, | Accelagold-S | 5,10,10
............... - X b1 8000r S0, | Accelagold-S | 510,10
T8 bxo o - _500hrSO, | Accelagold-S | 510,10
o S N, S R N o).500 hr SO, ,..] Accelagold-S [ 510,10
........... 710 | X | o] 500hrSO, | Accelagold-S | 510,10
V4 L P 2.( ........ S — R o 2900 hr nsf .,..{5999_'39.91@@ ........... 1 p(p_eg..,)z‘Io’Jg ......
............. =2 ol X ] 2000 hrnsf | Accelagold-S | 10 (n.e.c.),10,10
7-13. Xodidon 12000 hrnsf | Accelagold-S [ 10(n.e.c.),10,10
~14 Ll X 1..2000hrnsf | Accelagold-S | 10(n.e.c.),10,10
T A ST W Xoodooi 2000 hrnsf | Accelagold-S | 10 (n.e.c.),10,10
A8 X ..l ) 200 M 8O, | Accelagold-S | NA
I A YA W X 1,500 hr SO, | Accelagold-S | | NA o
o018 . . 200 NE SOp | Accelagold-S | NA .
79 | l ........... X | I | 500hrSO, | Accelagold-S | | NA “
120 | X, o], 800hrSO, | Accelagold-S | | NA o
e X 1 2000hrnsf | Accelagold-S | 10 (n.e.c),1010
.22 A X o 2000 hrnsf | Accelagold-S | 10(s.c.),10,10
........ 7-23 . X, 2000 hrnsf | Accelagold-S |  10(s.c.),10,10 |
24 j ............. ol X 1. 2000hrnsf i Accelagold-S i 19(n.e.c.),10,10 |
r2s X ..2000hrnsf | Accelagold-S | 10(n.e.c.),10,10
........... 726 | |1 X, _500hrSO, | Accelagold-S | NA
727 Lox | ] 500hrsSO, | Accelagold-s | NA
728 | X _.500hrS0, | Accelagold-S o NA
729 i Ko .500hrSO, | Accelagold-S | NA r
80 | I, S 000 hrS0, | Accelagold-S | 0O NA .
P41 N D P Lo X....1..2000hrnst | Accelagold-S | 10(s.c.),10,10 |
...... =32 ool b X | 2000hrnsf | Accelagold-S |  10(s.c.),10,10
o083 kX 12000 hrnsf | Accelagold-S [ 10 (s.c.),10,10_
I . SO T M N LX) 2000 hrnsf | Accelagold-S | 10 (s.c.),10,10
.............. 735 |l k12000 hrnsf | Accelagold-S 10 (s.c.),10,10
.......... 6 loidodo b X1..5000r80, | Accelagold-S | O NA
IR o7 AN W N JoX 1. 500NrSO, | Accelagold-S [ . . NA
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TABLE H

Examples 7-38 through 7-80

7075-T6 1 2 3 4 5 6 7
Panel SPT | 23377 | 85582 [ 85582N Test Pretreat . Results

............ 738 oo K] B00 SO, ) Accelagold-S | ONA .
=39 b oo X o 1..500hrSO, | Accelagold-S [ i NA .

S . J I A S oo X 500hrSO, | Accelagold-S | ~~ ~NA .
........... -4 L X ) 2000hknst | TCP1OM2-S | 10(50% n.e.c.),10,10
oond42 | X i I | |..2000hrnsf | TCP1OM2-S§ | 10 (50% n.e.c.),10,10
43 | X | 2000 hrnsf | TCP1OM2-S | 10(50%n.e.c),10,10
oddd X b o l.2000hrnst | TGP1OM2-S | 10(50%n.e.c.),10,10
T4 X | e [ | _2000hrnst | TCP10M2-S | 10(50%n.e.c.),10,10
N .. T T, SO I | 1..500hrSO, | TCPiOM2-S | = 41010
S .Y (U U0 S R o 15000 S0, TCP1OM2-8 [ . 41010 . . . _
Tras x| T T s00hrs0, | TCPiOM2-S | 41000
o499 L X I,.._ ................. 1..800hrsO, | TCP1OM2-Ss | 4,1010 .. |
o500 X i 1500 0r S0, | TcPioM2-5 | 41010 ... -
N 21 N S | | 2000hrnsf | TCP1OM2-S ;  10{nec)10,0
rs2 | X l . ].2000hrnsf | TCPIOM2-S | 10 (nec.),10,10
od9S3 b X do .2000hrnsf | TCPiOM2-S |  10(n.ec.),1010 |
S . S N oo X 1..2000 hrnst | TCP1OM2-S | 10 (n.e.c.),10,10 .
............. 755 | | ox | | _2000hrnst | TCPiOM2-S |  10(n.ec.)10,10
22 T R, S | R 500hrSO, | TCPIOM2-S |  ONA ..
N - LA R X o] .. 500 C SO, | TCPIOM2-S | NA ,
............. 788 X o . 500080, | TCPIOM2-S | NA
R .21 I WO, S | 1..800hrs0, | ePioMz-s (o NA J
B o\ R Y. S N M 1..900hrsO, | TcPioM2-s [ ] NA _
e N S 1..2000hrnsi | TGPIOM2-5 | 10(n.e.c.),10,10
e | T 2000 hrnsf | TCP1OM2:S | 10(nec)10,10
mmmmmmm 763 { oo X bl 2000hrnst | TCPIOM2-S |  10(n.e.c.)10,10
. 7"65.;-* ..... et . X I, D R 200Q vhl’ nva ;TCP 10....M2'§ ........ s eren 1 ..0(.8..9.)’1...0*..1..,0 ............... .
N .- T N .S 1..2000hrnsf | TCPIOM2-S | . 10(s.c.),10,10
7.6 | . X .l ].500hrSO, | TCPIOM2-S | ~NA
.............. -7 el X .. 90050, 1 TGPT10M2-S i NA
88 R S N L.500hrSO, | TCPIOM2-S8 t  NA ..
re9 | X bl B00NrSO, | TCPIOM2-S | ONA ..
A I . X 1. 900hrsQ, | TCPIOM2-S [ . NA ..
ot AT R N X 1. 2000hrnsf | TCPiOM2-S | . 10(s.c.),10,10 .
e S A I b X 1..2000hrnsf | TCPIOM2-S | . . 10(s.c.),10,10 |
Y < T T D R S 2000 hrnsf | TCPiOM2-S | 10(s.c),10,10 |
R ol SO O D R N X ....]..2000hrnsf | TCPI1OM2-S | . 10 (s.c),10,10 .
AL N S oo X o 1..2000hrnst | TCP1OM2-S | 10 (s.c.),10,10

U Ao 4 TN N R il X 1..5000rS0, | TCPIOM2-S | O NA ..
I bel & A N I R X .| 500hrSO, | TCPIOM2-S | NA . ..
-2 D b X ol B00hrSO, | TCPiOM2-S f  NA .
L4 T T N oo X . 1..500hrSO, | TCP1OM2-S [ .. ... NA i, u_
............... 80 { X . ].500hrS0, | TCPIOM2-S [ o NA
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In the Examples (7-1 to 7-80) of Table H, columns 1-4 identify the paints
including SPT as a self-priming top coat, 23377 as a chromated mgh-solids epoxy primer,
85582 as a chromated wa&arbomg epoxy primer, and 85582N as a non-chromated
waterborne epoxy primer. Column 5 shows a 500 and 2000 hour test in a neutral salt fog,
with the chrominm pretreatments (Column 6 — Accelagold and TCP10M2-S) of thus
invention. Column 7 shows the results of the corrosion test where the first rating 1s
scribed, the second is unscribed areas, and the third rating is blistering wherein all the
ratings range from 1 to 10 with 10 representing the highest or best performance with

regard to corrosion. In Table H, the terms N.E.C. indicates no evidence of corrosion and

S.C. indicates surface corrosion in the scribe, but no undercutting.

17



10

15

20

CA 02425661 2003-04-09

WO 02/055738 PCT/US01/45434

For purposes of this invention, the water soluble surfactants are used in amounts
ranging from about 0.0 te about 10 grams per liter and preferably about 6.5 to 2.0 grams
per liter of trivalent chromium solution. The surfactants are added to the agueous
composition to provide better wetting properties by lowering the surface tension thereby
imnsuring complete coverag:e. and a more uniform coating on the substrate. The surfactants
mnclude at least one water soluble compound selected from the group consisting of the
non-ionic, anionic, and cationic surfactants. The water soluble surfactants include the
monoearboxyl imidoazoline, alkyl suifate sodinm salts (DUPONOL®, tridecyloxy
poly(alkyleneoxy ethanol), ethoxylated or propoxylated alkyl phenol (IGEPAL®), alkyl
sulfoamides, Myl sulfonates, palmitic alkanol amides (CENTROL®), octylphenyl
polyethoxy ethanol (TRITON®), sorbitan monopalmitate (SPAN®), dodecylphenyl
polyethviene glyg ol ether {(e.g. TERGITROL®), alkyl pyrrolidone, polyalkoxylated fatty
acid esters, alkylbenzene sulfonates and mixtures thereof. Cth'er known water soluble:
surfactants are disclosed by “Surfactants and Detersive Systems”, published by John
Wiley & Sons in Kirk-Othmer’s Encyclopedia of Chemical Technolegy, 3™ Ed.

Where large surfaces or substrates. do not permit " immersion or where vertical
surfaces are to be sprayed, thickening agents are used to retain the aqueous composition
on the surface for sufficient contact time. The thickeners employed are known water
soluble or dispersible thickeners which can be added to the trivalent chromium sohation
of this :nvention in amounis ranging from about 0.0 and about 10 grams per liter and
preferably from about 0.5 to 2.0 grams per lifer of the chromate solation. Specific

examples of these additives include the cellulose thickeners e.g. hydroxypropyt cellulose
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(e.g. Klucel®), ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl cellulose, methyl
cellulose, and some of the water soluble inorganic thickeners such as 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.
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. CLAIMS:

1. An acidic aqueous solution for preparing corrosion resistant coatings
on aluminum, aluminum alloys and coated aluminum substrates containing over 60%
by weight of aluminum which comprises per liter of solution from about 3.0 grams to
about 22 grams of a water soluble trivalent chromium salt, about 1.5 grams to about
11.5 grams of an alkali metal hexafluorozirconate, and from about 0.5 to about 10
grams of at least one water soluble thickener selected from the group consisting of
hydroxypropyl cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl
cellulose, methyl cellulose, starches, gum arabic, tragacanth, agar, and combinations
thereof, wherein the pH is from about 2 to about 6 and the solution is free of

hexavalent chromium.

2. The acidic aqueous solution of Claim I wherein the alkali metal

zirconate is potassium' hexafluorozirconate.

3. The acidic aqueous solution of Claim 1 wherein the alkali metal

zirconate is sodium hexafluorozirconate.

4. The acidic aqueous solution of any one of claims 1 to 3, wherein the

water soluble thickener is a cellulose compound.

J. The acidic aqueous solution of any one of claims 1 to 4, further
comprising at least one water soluble surfactant in an amount of about 10 grams or
less per liter of solution, wherein the water soluble surfactant is selected from the

group consisting of nonionic, anionic, and cationic surfactants.

6. The acidic aqueous solution of any one of claims 1 to 5, wherein the

thickener ranges from about 0.5 to about 2.0 grams per liter of the solution.

7. The acidic aqueous solution of any one of claims 1 to 6, wherein the

trivalent chromium salt is trivalent chromium sulfate.
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3. The acidic aqueous solution of Claim 7, wherein the trivalent chromium
sulfate ranges from about 3.0 to about 12 grams per liter of the aqueous solution and the

potassium hexafluorozirconate ranges from about 3.0 to about 9 grams per liter of the

solution.

9. The acidic aqueous solution of any one of claims 1 to 8, further

comprising a surfactant ranging from about 0 to 2.0 grams per liter of the solution.

10. A process of preparing a corrosion resistant coating on aluminum,
aluminum alloys and coated aluminum substrates containing over 60% by weight of
aluminum which comprises treating said substrates at ambient temperatures with an
acidic aqueous solution which comprises per liter of water from about 3.0 grams to
about 22 grams of a water soluble trivalent chromium salt, about 1.5 grams to about
11.5 grams of an alkali metal hexafluorozirconate, from about 0.5 to about 10 grams of
at least one water soluble thickener selected from the group consisting of
hydroxypropyl cellulose, ethyl cellulose, hydroxyethyl cellulose, hydroxymethyl
cellulose, methyl cellulose, starches, gum arabic, tragacanth, agar, and combinations
thereof, wherein the pH is from about 2 to about 6 and the solution is free of

hexavalent chromium.

11.  The process of Claim 10, wherein the trivalent chromium salt is trivalent

chromium sulfate.

12.  The process of claim 10 to 11, wherein the alkali metal zirconate is

potassium hexatluorozirconate.

13. The process of any one of claims 10 to 12, wherein the thickener ranges

from about 0.5 to about 2.0 grams per liter of the aqueous solution.

14.  The process of any one of claims 10 to 13, wherein said acidic aqueous
solution further includes a surfactant ranging from about 0 to about 2.0 grams per liter

of the aqueous solution.
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15.  The process of any one of claims 11 to 14, wherein the trivalent chromium
sultate ranges from about 3.0 to about 12 grams per liter of aqueous solution and the

alkali metal hexatluorozirconate ranges from about 3.0 to about 9 grams per liter of the

aqueous solution.

16.  The process of any one of claims 10 to 15, wherein the alkali metal

zirconate 1s sodium hexafluorozirconate.

17.  The process ot any one of claims 10 to 16, wherein the acidic aqueous

solution has a pH ranging from about 3 to about 4.
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