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Surface treatment composition

Field of the Invention

The present invention relates to an acidic aqueous composition for treating of
zirconium-pretreated metal-based substrate surfaces such as steel metals or
aluminium surfaces, a process for treating the substrate surfaces with the com-
position and the use of the composition as post-treatment of zirconium-
pretreated metal-based substrate surfaces for subsequent electrocoating of the

surfaces.

The method is particularly suitable to increase corrosion resistance of said met-
al-based surfaces prior to electro-coating (e-coat) applications used in the white
goods industry. The method also increases detergent and chemical resistance
of treated surfaces.

Background of the Invention

Various methods for treating of metal-based surfaces, particularly aluminium

surfaces, are known in the art.

WO 03/040437 A1 relates to a composition for post-treating anodized alumini-
um and aluminium alloys to improve the corrosion resistance, abrasion, and
adhesion bonding properties of the anodized aluminium and its alloys. The
composition comprises an acidic aqueous solution having a pH ranging from
about 2.5 to 4.5 containing effective amounts of trivalent chromium salts (sul-
phate salt), alkali metal hexafluorozirconates, an alkali metal fluoro-compound
e.g. fluoroborates and/or fluorosilicates, and effective amounts of water soluble
thickeners and surfactants.
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WO 2011/106304 A1 discloses a process for passivating a vapor-deposited al-
uminium layer on a substrate, including providing a substrate comprising vapor
deposited aluminium on a surface thereof; treating the surface of the substrate
with an aqueous substantially chromium-free composition comprising a hex-

afluorozirconate.

US 5,391,239 A discloses conversion coatings which can be formed on alumin-
ium substrates by contacting the substrates with an aqueous liquid composition
containing adequate free fluoride ion activity and concentrations of dissolved
sodium and potassium, if a potassium content in the coating is desired as is
usual. The aqueous liquids preferably also contain phosphate and polyhydroxy

organic compounds and may contain surfactants if a cleaning effect is desired.

When treating a metal-based surface, particularly a ferrous metals surface, with
one of the aforementioned methods, the corrosion resistance is not sufficient.
Particularly, when the surface is treated with the aforementioned solutions prior
to application of an e-coat, the appearance and durability of the e-coat is unsat-
isfactory.

Objective of the present Invention

It is therefore an object of the present invention to provide a composition and a
process which improve the corrosion, detergent and chemical resistance of
metal-based substrate surfaces, appearance and adhesion bonding properties
to subsequently formed layers like the e-coat layers while avoiding the disad-
vantages of the prior art.

Summary of the Invention

This objective is solved by an acidic aqueous composition, the use thereof and
a process applying such acidic aqueous composition for treating of zirconium-
pretreated metal-based substrate surfaces.
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The acidic aqueous composition comprises

a. ftrivalent chromium ions;

b. hexafluorozirconate ions;

and is characterized in that the source of trivalent chromium ions is a trivalent

chromium nitrate salt.

The process for treating of zirconium-pretreated metal-based substrate surfaces

comprises the following steps:

i.  providing a substrate comprising the zirconium-pretreated metal-
based surface;

ii. treating the surface with above acidic aqueous composition which
comprises

a. ftrivalent chromium ions;

b. hexafluorozirconate ions;

and is characterized in that the source of trivalent chromium ions is a trivalent

chromium nitrate salt.
The use of an acidic agueous composition comprising

a. ftrivalent chromium ions;

b. hexafluorozirconate ions;

characterized in that the source of trivalent chromium ions is a trivalent chromi-
um nitrate salt, as post-treatment of zirconium-pretreated metal-based substrate

surfaces for subsequent electrocoating of the treated surfaces.

To obtain said zirconium-pretreated metal-based substrate surfaces the metal-
based substrate surfaces are treated with an aqueous substantially chromium
ion-free composition comprising hexafluorozirconate ions. Substantially chromi-

um-free composition within the meaning of this invention means that the com-
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position does not contain a source of chromium ions, and is specifically free of

added sources for trivalent and hexavalent chromium ions.

The composition, process and the use according to the invention significantly
enhance the performance in view of e-coat coverage and uniformity of electro
coating (polymer e-coat). Also the performance of detergent resistance of the
paint is improved.

Furthermore the corrosion, detergent and chemical resistance of metal-based
surfaces, appearance and adhesion bonding properties to subsequently formed
layers like the e-coat layers is improved.

Detailed Description of the Invention

Typical parts handled in accordance with the present invention are zirconium-
pretreated metal-based substrate surfaces, e.g. ferrous or aluminium, used in
the white goods industry. Particularly, the zirconium-pretreated metal-based
substrate surfaces are steel surfaces. Often, such surfaces are treated with the
composition and process, respectively according to the present invention and
subsequently e-coated for final use. This coating requires careful treatment in
order to provide the corrosion resistant, optically flawless and defect free white

appearance.

E-coatings are well known in the art and applied on a large industrial scale in
the manufacture of white goods. E-coats provide the typical look of these
goods. E-coating is usually performed by electrolytic deposition of acrylic-based
coatings on the substrate surface. Suitable pretreatment of the surface to be
coated is essential in order to obtain a durable e-coated surface having a ho-
mogeneous thickness distribution of the e-coat.

The process according to the present invention is further suitable for treatment
of fasteners such as bolts, screws, nuts, fastening elements of other types like
hinges, connectors, hook-type fasteners and the like, and all kinds of hardware,
fixtures and fittings, including door, cabinet, kitchen, commercial, industrial and

4
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agricultural hardware and fittings. In some applications, a zirconium-pretreated
metal-based substrate surfaces can also be the substrate having an aluminium

or aluminium alloy surface.

In addition to the foregoing, prior to any of the process steps disclosed with re-
spect to any of the embodiments, the substrates may be cleaned by various
known methods. For example, substrates may be degreased, washed, dried,
pickled, etc. Pickling may be carried out by any well-known pickling process,
such as by using mineral inorganic acids, such as hydrochloric acid, sulfuric
acid, nitric acid, and hydrofluoric acid, either individually or as mixtures.

Alternatively or in addition, cleaning can be performed by an alkaline cleaner
solution prior to the treatment of the metal-based substrate surfaces to obtain
the zirconium-pretreated metal-based substrate surfaces which typically con-
tains about 1 to 5 wt.% of a hydroxide salt, e.g. potassium hydroxide. Such al-
kaline cleaning solution is particularly suitable to remove oil residuals from pre-

ceding stamping treatment (step i0 according to the present invention).

The aqueous substantially chromium ion-free composition for treating of metal-
based substrate surfaces to obtain the zirconium-pretreated metal-based sub-
strate surfaces typically has a pH of between 2.0 and 5.50 and more preferably
between 4.0 and 5.0.

The source for hexafluorozirconate ions can be provided in either the acid form
(H2ZrFg) or as a salt, in which the cation portion of the hexafluorozirconate salt
may be, for example, one or more of ammonium ion, a quaternary ammonium

ion, an alkali metal ion, an alkaline earth metal ion or a transition metal ion.

Thus, the hexafluorozirconate in the aqueous substantially chromium ion-free
composition is in the form of one or a mixture of any two or more of hex-
afluorozirconic acid, ammonium hexafluorozirconate, a quaternary ammonium
hexafluorozirconate, an alkali metal hexafluorozirconate, an alkaline earth metal
hexafluorozirconate, or a transition metal hexafluorozirconate. For convenience,

herein the hexafluorozirconate is referred to simply as source of hexafluorozir-

5
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conate ions, and this is deemed to include the acid form as well as any of the
salt forms, unless otherwise specifically identified as the acid form or as one or

more specific salt form.

The amount of hexafluorozirconate ions can range between 10 and 10,000
ppm, more preferably between 100 and 5,000 ppm and even more preferably
between 200 and 1,000 ppm. The unit ppm within the meaning of this invention
means milligrams per liter, i.e. 1 ppm corresponds to 1 mg/L of hexafluorozir-
conate ions in the aqueous composition. Typically, this step is followed by a

rinsing with water, usually de-mineralised water.

In one embodiment, the process for treating of zirconium-pretreated metal-
based substrate surfaces according to the present invention therefore compris-

es the following steps:
i.  providing said substrate surfaces;

i0. optionally treating of the metal-based substrate surfaces
with an aqueous alkaline solution; optionally followed by

rinsing in water;

i1. treating of the metal-based substrate surfaces with an
aqueous substantially chromium ion-free composition com-
prising hexafluorozirconate ions to obtain the zirconium-
pretreated metal-based substrate surfaces; optionally fol-

lowed by rinsing in water;

ii. treating the surfaces with the acidic aqueous composition which
comprises
a. trivalent chromium ions;

b. hexafluorozirconate ions;

and is characterized in that the source of trivalent chromium ions

is a trivalent chromium nitrate salt.
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In a preferred embodiment step i0 is not optionally, means that step i0 is also
applied.

The acidic aqueous composition according to the present invention applied in
step ii. typically has a pH of between 2.5 and 5.0, preferably between 2.5 and
5.0, and even more preferred between 3.0 and 3.5.

The source of trivalent chromium ions is a trivalent chromium nitrate salt. Chro-
mium nitrate salts comprise chromium, nitrate and varying amounts of water.
Most common is the dark violet hydrated solid, e.g. a nonahydrate trivalent
chromium nitrate as Cr(NOs); 9 HxO, but an anhydrous green form is also
known, Cr(NOs)s. These sources are for example suitable to provide trivalent
chromium ions for the acidic aqueous composition according to the present in-
vention.The amount of trivalent chromium ions in the acidic aqueous solution
can range between 10 and 5.000 ppm, more preferably between 100 and 1.000
ppm and even more preferably between 200 and 500 ppm. The unit ppm within
the meaning of this invention means milligrams per liter, i.e. 1 ppm corresponds

to 1 mg/L of trivalent chromium ions in the acidic aqueous solution.

It was a surprisingly found that only when using a trivalent chromium nitrate salt
as source for trivalent chromium ions, optimum passivation of the zirconium-
pretreated metal-based substrate surface can be achieved which provides for
the high corrosion resistance, a bright, flawless surface appearance and good
adhesion of the subsequently applied e-coat. When applying sulphate or chlo-
ride based trivalent chromium salts, the surface appearance is unsatisfactory
and the subsequently applied e-coat is inhomogeneously distributed over the
substrate surface. Furthermore, delamination of the e-coat is observed after

corrosion testing. This is further illustrated by the examples below.

Generally, application of the acidic aqueous composition according to the pre-
sent invention results in partial dissolution of the zirconium-pretreated metal-
based substrate surface, particularly the ferrous metal-based substrate surface
or steel based substrate surface. The surface is then converted into a hydrated
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oxide, which is tightly attached to metal-based substrate surface and provides
an excellent undercoat for subsequent applications like e-coating. For example,
when the zirconium-pretreated metal-based substrate surface is a zirconium-
pretreated ferrous metal surface like a zirconium-pretreated steel surface, a zir-
conium-pretreated iron-chromium-zirconium oxide/fluoride species tightly at-
tached to the zirconium-pretreated steel substrate surface is formed from the

acidic aqueous composition according to the present invention.

The acidic aqueous composition according to the invention is preferably free
from added sulfate ions and chloride ions. Furthermore, the acidic aqueous
composition according to the present invention is preferably free from added

magnesium ions, nickel ions and zinc ions.

The acidic aqueous composition may be applied to the substrate by any appro-
priate method, including, for example, spraying, dipping, immersing, barrel
treatment in bulk, brushing, wiping or any other suitable process for applying an

aqueous liquid to a solid substrate.

The treatment time in step ii. of the present invention may vary. The person
skilled in the art will select the best treatment time by routine experiments. Typi-
cally, the treatment time ranges between 10 seconds and 10 minutes, more
preferably between 20 seconds and three minutes and even more preferably
between 30 seconds and 90 seconds.

The temperature of the acidic aqueous solution applied in the process, e.g. by
spraying, according to the present invention may vary. Often, it is sufficient to
work at ambient temperatures of between 20 and 25°C. Higher temperatures,
however, are also possible, e.g. temperatures of up to 40, 60 or 70°C are suita-
ble.

The source for hexafluorozirconate ions applied in step ii. of the present inven-
tion can be provided in either the acid form (HxZrFe) or as a salt, in which the

cation portion of the hexafluorozirconate salt may be, for example, one or more
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of ammonium ion, a quaternary ammonium ion, an alkali metal ion, an alkaline
earth metal ion or a transition metal ion. Thus, the hexafluorozirconate in the
acidic aqueous composition is in the form of one or a mixture of any two or
more of hexafluorozirconic acid, ammonium hexafluorozirconate, a quaternary
ammonium hexafluorozirconate, an alkali metal hexafluorozirconate, an alkaline
earth metal hexafluorozirconate, or a transition metal hexafluorozirconate. For
convenience, herein the hexafluorozirconate is referred to simply as source of
hexafluorozirconate ions, and this is deemed to include the acid form as well as
any of the salt forms, unless otherwise specifically identified as the acid form or
as one or more specific salt form. The amount of hexafluorozirconate ions can
range between 10 and 10,000 ppm, more preferably between 100 and 5,000
ppm and even more preferably between 200 and 1,000 ppm. The unit ppm with-
in the meaning of this invention means milligrams per liter, i.e. 1 ppm corre-

sponds to 1 mg/L of hexafluorozirconate ions in the aqueous solution.

Thereafter, it is recommended to rinse the treated metal based-substrate sur-
faces with water, with deionized DI water being particularly preferred. Without
sufficient rinsing, residuals of the acidic aqueous composition may remain on
the surface, which negatively affect further treatment, e.g. application of an e-

coat.

Examples

The following examples illustrate the benefits of the acidic aqueous composition
and process according to the present invention.

The substrates for these tests used were 4” x 12” (10,24 cm x 30,48 cm) steel

panels.
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Stage Steel Substrate (panel) Contact time (s)

Clean (step i0.) 5 wt.% KOH (aqueous), 55°C 80

Rinse Dl water 40
pH =4.5- 4.8, 20°C

Step i1. 90
Solution A (below)

Rinse Dl water 2-95
Acidic aqueous composition according

Step ii. to the invention Solution B (below) / 25
Solutions C and D (both comparative)

Rinse DI Water 55

Dry Dry panel at 100°C 15 minutes

Solution A (step i1.) — Aqueous substantially trivalent chromium ion-free com-

position, used in all Examples 1 to 3.

(NH4)2ZrFe 5.0 g/l in water

Example 1: Solution B (step ii.) — Acidic aqueous composition according to the

present invention

(NH4)2ZrFg 5.0 g/l in water
Cr(NOs)s - 9 H2O 3.5 g/l in water (8.75 mmol/I Cr(lll) ions)

10
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Example 2: Solution C (step ii.) — Trivalent chromium chloride (Comparative)
(NH4)2ZrFg 5.0 g/l in water
CrCl3 - 6 H2O 2.3 g/l in water (8.75 mmol/I Cr(lll) ions)

Example 3: Solution D (step ii.) — Trivalent chromium sulphate (Comparative)
(NH4)2ZrFe 5.0 g/l in water
Cra(SOy)s H20 3.5 g/l in water (8.75 mmol/l Cr(lll) ions)

After the substrates were treated in the above solutions according to Table 1
they were subsequently painted with an acrylic based commercial organic coat-
ing (e-coat as used in the white goods industry). The corrosion and detergent
immersion resistances were respectively tested using ASTM B117 (version 11
2011) and ASTM D 2248 (version 01a 2007). Unless otherwise stated, the ex-
perimental conditions were according to the recommendations of the ASTM
specifications. For ASTM D2248, the detergent solution according to number

7.2 was selected.

Before testing the painted panels were scribed as per ASTM 1654 (version -05
2005). The Rating of Failure of Scribe was measured according to Section 7.
and Table 1 of D1654-05.

Table 2: Measurement: ASTM D1654-05 — Detergent immersion resistance
(D2248-01a) — 100h at 74°C

Mean Creepage (Ta- | Rating according to
ble 1 of D1654-05) ASTM D 1654-05

Example 1 0-1.5 10-7

Example 2 1.5-3 7—6

Example 3 4-10 5-4

11
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Table 3: Measurement: ASTM D1654-05 — Neutral Salt Spray resistance —
1000h in cabinet (ASTM B117-11)

Mean Creepage (Ta- | Rating according to
ble 1 of D1654-05) ASTM D 1654-05

Example 1 0-2 10-7
Example 2 0-2 10-7
Example 3 3-5 6-5

Table 4: E-coat coverage

Thickness uniformity*, A (um)

Example 1 2-3

Example 2 7—-8

* maximum difference of e-coat thickness on one part at various locationsAs
shown by the foregoing examples, when using a trivalent chromium nitrate salt
as the source of trivalent chromium ions (Example 1) superior detergent immer-
sion resistance and corrosion protection as compared to the comparative Ex-
amples (Examples 2 and 3) could be obtained. Table 2 shows the detergent
immersion resistance after 100 hours at 74°C. As becomes apparent, the Ex-
ample 1 according to the present invention has the lowest adhesion loss and
the highest rating according to ASTM D 1654-05 when compared to the com-

parative Examples 2 and 3.

Also, the corrosion resistance as measured by the Neutral Salt Spray Test (Ta-
ble 3) was best according to the rating according to ASTM D 1654-05 (right col-

12
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umn) for Example 1 when compared to the comparative Examples 2 and 3. Ex-
ample 1 according to the present invention additionally showed the lowest ad-

hesion loss (Table 2).

Table 4 establishes that the thickness uniformity of the e-coat when applied to a
surface treated with the method according to the present invention (Example 1)
was very homogeneous when compared to comparative Examples 2 and 3.

While the principles of the invention have been explained in relation to certain
particular embodiments, and are provided for purposes of illustration, it is to be
understood that various modifications thereof will become apparent to those
skilled in the art upon reading the specification. Therefore, it is to be understood
that the invention disclosed herein is intended to cover such modifications as
fall within the scope of the appended claims. The scope of the invention is lim-
ited only by the scope of the claims.

13
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CLAIMS

. An acidic aqueous composition for treating of zirconium-pretreated met-

al-based substrate surfaces, the composition comprising
a. trivalent chromium ions;

b. hexafluorozirconate ions;

characterized in that the source of trivalent chromium ions is a triva-

lent chromium nitrate salt.

. The acidic aqueous composition according to claim 1 wherein the con-

centration of trivalent chromium ions ranges between 10 and 5.000 mg/L.

. The acidic aqueous composition according to claim 1 or 2 wherein the

zirconium-pretreated metal-based substrate surfaces are obtained by
pretreating with an aqueous substantially chromium ion-free composition

comprising hexafluorozirconate ions.

The acidic aqueous composition according to any of the foregoing
claims wherein the trivalent chromium nitrate salt is Cr(NOs)3 or Cr(NO3)3
-9 H0.

. The acidic aqueous composition according to any of the foregoing claims

wherein the concentration of hexafluorozirconate ions independently

ranges between 10 and 10.000 mg/L.

. The acidic aqueous composition according to any of the foregoing claims

wherein the source of hexafluorozirconate ions independently is selected

from hexafluorozirconic acid, ammonium hexafluorozirconate, an alkali

14
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metal hexafluorozirconate, an alkaline earth metal hexafluorozirconate

and a transition metal hexafluorozirconate.

7. The acidic aqueous composition according to any of the foregoing claims
wherein the pH value ranges between 2.0 and 5.5.

8. The acidic aqueous composition according to any of the foregoing claims
wherein the composition is free from added sulfate ions and chloride

ions.

9. The acidic aqueous composition according to any of the foregoing claims
wherein the composition is free from added magnesium ions, nickel ions

and zinc ions.

10. A process for treating of zirconium-pretreated metal-based substrate sur-
faces, comprising
i.  providing said substrate;
ii. treating the substrate surfaces with the acidic aqueous composi-
tion according to any of the foregoing claims 1 — 9.

11.The process according to claim 10 wherein the zirconium-pretreated
metal-based substrate surfaces are zirconium-pretreated steel substrate
surfaces or zirconium-pretreated aluminium substrate surfaces or zirco-

nium-pretreated aluminium alloy substrate surfaces.

12.The process according to any of the claims 11 and 12 wherein the treat-
ing according to step ii. is by spraying the acidic aqueous composition
onto the zirconium-pretreated metal-based substrate surfaces at a tem-

perature of between 20 to 25°C.

15
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13.The process according to any of the claims 10 to 12 wherein the
zirconium-pretreated metal-based substrate surfaces are derived by
step i1. treating the metal-based substrate surfaces with an aqueous
substantially chromium ion-free composition comprising hex-

5 afluorozirconate ions to obtain said zirconium-pretreated metal-based

substrate surfaces prior to step ii.

14.The process according to claim 13 wherein the aqueous substantially tri-
valent chromium ion-free composition according to step i1 has a pH of
between 4.0 and 5.0 and a concentration of hexafluorozirconate ions be-
10 tween 100 and 5.000 mg/L.

15. Use of an acidic aqueous composition according to any of the claims 1 to
9 as post-treatment of zirconium-pretreated metal-based substrate sur-

faces for subsequent electrocoating of the treated surfaces.

15
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