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(57) Abstract: The invention relates to a surface-treated Al/Zn alloy-coated steel sheet, onto which a coating is applied, which
contains an acid amide bond-containing resin as a major constituent. Said coating can be with or without chrome. Said steel sheet
can have a coating free from chrome, which contains the following components A, B and C: A) a water-based resin, containing
carboxyl groups and acid amide bonds, B) one or several metal compounds, selected from the group including Al, Mg, Ca, Zn,
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QL (57) Zusammenfassung: Oberflichenbehandeltes Al/Zn-legierungsbeschichtetes Stahlblech, auf dem eine Beschichtung ausge-

@\ bildet ist, die als Hauptbestandteil ein Saureamidbindungen enthaltendes Harz enthilt. Die Beschichtung kann chromhaltig oder
Q chromirei sein. Das Stahlblech kann eine chromireie Beschichtung tragen, welche die folgenden Komponenten A, B and C enthalt:
— A) ein Carboxylgruppen and Sidureamidbindungen enthaltendes wasserbasiertes Harz, B) eine oder mehrere Metallverbindungen,
~ ausgewaihlt aus der Gruppe der Al-, Mg-, Ca-, Zn-, Ni-, Co-, Fe-, Zr-, Ti-, V-, W-, Mn- and Ce-Verbindungen, and C) eine Si-
8 licium-Verbindung. Ein solches Stahlblech hat hervorragende Alkalibestiandigkeit, Kaltwalzbarkeit and Korrosionsbestiandigkeit.

Gegenstand der Erfindung ist weiterhin ein chromireies Oberfldchenbehandlungsmittel fiir Metallbleche, dadurch gekennzeichnet,
o dass es die folgenden Komponenten A, B and C enthilt: A) ein Carboxylgruppen and Saureamidbindungen enthaltendes wasserba-

siertes Harz, B) eine oder mehrere Metallverbindungen, ausgewdhlt aus der Gruppe der Al-, Mg-, Ca-, Zn-, Ni-, Co-, Fe-, Zr-, Ti-,

V-, W-, Mn- and Ce-Verbindungen, and C) eine Silicium-Verbindung.
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Surface-coated Al/Zn Steel Sheets and Surface Coating
Agent

The 1invention relates 1n 1ts most general form to

surface-treated steel sheets, which are used

predominantly in unpailnted form for applications 1in the

construction and household appliance sector, and for
which, on the surface provided with a covering of
aluminum-containing zinc alloy (“Al/Zn allovy”), a
coating having outstanding alkalli resistance and

corrosion reslstance 1s formed.

In a more specific form the 1nvention relates to a
chromium-free surface treatment composltion  which
endows Al/Zn steel sheets, 1.e., steel sheets with a
covering of Al/Zn alloy which are used predominantly in
unpainted form for applications in the construction and

household appliance sector, with alkalli resilistance,

cold-rollability, and corrosion reslistance, and ¢to

Al/7Zn steel sheets whose surfaces have been treated

with this surface coating composition.

Al/Zn steel sheets, especially those with Al contents
of 55% in the Al/Zn alloy covering, are used without
palinting, owling to their outstanding COYrrosion

resistance, for building purposes (e.g., the roofs and

outer walls of buildings, sSupports for plastic
greenhouses in agriculture), constructions in
engineering (e.g., traffic barriers, sound-insulation
walls, drains), household appliances, industrial

equipment, and the like. They are therefore required to

display an appealing appearance on a long-term basis,

g

without discoloration of their surface. Since,

moreover, 1n applications as construction material they
are formed by rolling, they must be cold-rollable,

i.e., no coverings must Dbe formed on the rollers.

Likewise 1mportant 1s their appearance after cold

rolling: the coverings or coatings must be scratch-free
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and must exhiblt outstanding corrosion stability. If

the metal sheets are used for applications 1in the
construction sector then, owing to contact with
concrete, they are not 1infregquently exposed to a
strongly alkaline, <corrosive environment. In these
cases too 1t 1s required that they exhibit an
attractive appearance on a long-term basis, without

discoloration of theilr surfaces.

For an 1improvement of this theme, in particular for
improving the cold-rollability and the corrosion
resistance, JP-BZ 4-2672 proposes a technology which
envisages forming a coating on the surface of an Al/Zn
steel sheet by applyling a solution which comprises a
defined water-soluble or dispersible resin with added
hexavalent chromium and whose pH has been adjusted to
3-10.

If Al/Zn steel sheets are used for applications in the
construction sector then, owlng to contact with
concrete, they are not 1infrequently exposed to a
strongly alkaline, <corrosive environment. In these
cases too they are required to exhibit an attractive
appearance on a long-term basls, without discoloration
of their surfaces: that 1s, a high alkall resistance 1is
reqgqulred of them. Water-soluble or dispersible resins
which are stable 1n the alkaline range generally tend
to form salts with alkalis, and hence to reinforce the
hydrophilic character of the coating. As a result, even
the technology known from JP-B2 4-2672 leads only to

surfaces of 1nadequate alkali resistance. For this
reason the technology of the prior art has to date been
unable to provide Al/Zn steel sheets with a coating
which meets not only the requirement for outstanding
alkali resistance but also the requirement for high

corrosion stability.

Another example whereby the metal sheets are provided

with chromium—-contailining resin coatings are the
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surface-treatment processes known from JP 2097278.
There 1t 1s envisaged, for improving cold-rollability
and corrosion resistance, to apply to the surface of
Al/Zn steel sheets a solution which in addition to
certain water-based or dispersible resins comprises
hexavalent chromium 1n defined amounts and whose pH has
been adjusted to 3-10. The Al/Zn steel sheets thus
treated exhibit cutstanding COXrrosion resistance
particularly 1n processed areas, but these sheets are
problematic from environmental standpoints, since
chromium escapes from the coating, particularly in

-

areas of scratches which come about 1n the course of

processing. To date, therefore, there have been no

chromiumlessly surface-treated Al/Zn steel  sheets

available which meet the reguirements for outstanding
cold-rollability and resistance both to alkali and to

COrrosion.

The inventors have found that deficiencies of the prior

art can be resolved by forming, on the surface of Al/Zn

steel sheet, a coating composed essentially of resin

containing acid amide bonds. By applying a more

specific coating, composed essentially of resins
defined below, 1t 1s possible in addition to achieve

the further-reaching object of providing chromium-free

surface-treatment compositions and chromium-free

surface-treated Al/Zn steel sheets having the desired

features.

The invention in its most general form, then, provides

a surface-treated steel sheet which i1s characterilized 1in

that on the surface of a steel sheet with a covering of

aluminum-contalning Z1lnc alloy (“Al/Zn alloy”) a

coating 1s formed which comprises as 1ts principal
constituent a resin contailining acid amide bonds. The

resin containing acid amide bonds that 1s used 1is

preferably urethane resin containing acid amide bonds.

The coating composed essentlially of resin contalning

acid amlide bonds may further comprise - as a further
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component =~ a chromium compound. The resin/Cr weight
ratio, of dry weight of the resin containing acid amide
bonds to weight of the chromium compound (calculated as
metallic chromium), 1s preferably 1n a range from 1 to
200. The chromium content of the coating, calculated as
metallic chromium, 1s preferably in a range from 1 to
100 mg/m°.

The Al/Zn steel sheet used as a substrate for the
surface-treated steel sheet of the 1nvention comprises
steel sheets provided with a covering of Al/Zn alloy
(Al content of the alloy covering: 25% to 75% by
weight), the most typical of whose known

-~

representatives are those with a covering of zinc

alloys having an Al content of 55% (Steel sheets having

a covering of zinc alloys with Al contents from 50 to
60% by weight are normally referred to as 55% Al/Zn

steel sheets (e.g., Galvalume®). This terminology 1s

also followed by the present invention.) The alloy

covering of these Al/Zn steel sheets generally has Si
contents in orders of magnitude starting at 0.5% by
weight of the Al contents. Thus 1n the alloy covering
of 55% Al/Zn steel sheets the Si content 1is usually
about 1 to 3% by weight. The property-enhancing effect

caused by the invention is observed significantly for
Al/Zn steel sheets having Al contents of 25 to 75% by
weight in the alloy covering, but 1in particular for the

abovementioned Al contents of 55%.

The steel sheet of the invention has a coating which 1s

formed on the surface of Al/Zn steel sheet and 1is

composed essentially of resin containing acid amide

bonds. In the presence of strong acid, acid amide bonds

-CONH- form unstable salts, while 1n the presence of

strong alkalis they adopt the structure -C(OH)N- and

hence have an alkali-neutralizing effect. Consequently
resins with acid amide bonds are resistant both to
acids and to alkalis and exhibit outstanding alkali

resistance and cCorrosion resistance. The surface-
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treated steel sheet of the invention on whose surface a
coating composed essentlally of these resins containing
acid amide bonds has been formed therefore not only
exhibit outstanding cold-rollability and an outstandling

appearance after cold rolling but also possess an

outstandingly corrosion-resistant and alkali-resistant

coating.

The resins containing acid amide bonds are addressed
more closely Dbelow. The acid amide bonds can be

introduced into these resins both in the main chain and

in the side chains. Examples include urethane resins
with introduced acid amide bonds, acrylic resins with
introduced aclid amide bonds, ester resins with
introduced acid amide bonds, and polyamide resins.
Owing to  their  hydrolysis resistance and wear
resistance preference is given to urethane resins with
introduced acid amide bonds. In the case of urethane
resins with introduced acid amide bonds the ratio of

urethane bonds to acid amide bonds in the resin 1s

preferably 9/1 to 1/9. At less than one acid amide bond
per 9 urethane bonds, the effect associated with the
introduction of the acid amide bonds remains too weak,
while at more than 9 acid amide bonds per urethane bond

the wear resistance of the urethane resin remalns

inadequate. The process for the synthesis of the resins
containing acid amide bonds 1s not subject to any
particular limitations, though they are preferably

synthesized by processes utllized industrially.

The coating-weight of the resin coverings formed from
the resins containing acid amide bonds on the surface
of the 2Al/Zn steel sheets 1s not subject to any
particular limitations. It 1is, however, preferably 0.5
to 5 g/m”. Steel sheet coverings of Al/Zn alloys with
Al contents of 25 to 75% Dby weight have the
disadvantage that they are hard and brittle. By coating
with the aforementioned resins, however, the detachment

of the alloy coverings can be prevented. At a resin
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coating-welght below 0.5 g/cm2 this detachment-
prevention effect remains weak, and also the positive

effects 1n respect of cold-rollability, <corrosion

resistance, etc remaln low. Coating-weights of more

than 5 g/mz, on the other hand, are uneconomic, since

at that point saturation occurs in the positive effects

in respect of detachment prevention, cold-rollability,

corrosion resistance, etc.

The coatings formed from the resins containing acild

amide Dbonds may comprise chromium compounds as an

additlional component. A further improvement in
corrosion resistance 1s anticipated from these
compounds, 1f such 1s necessary for the envisaged
application. The chromium compounds are not subject to
particular limitations Preferably, however, compounds
are used which contain hexavalent chromium. Examples of
chromium compounds of this kind 1include chromaic
anhydride, ammonium chromate, potassium dichromate,
sodium dichromate, ammonaium chromate, potassium
chromate, and sodium chromate. The resin/Cr weight
ratio, of dry weight of the resin containing acid amide
bonds to weight of the chromium compound (calculated as
metallic chromium), 1s preferably 1n a range from 1 to

200, more preferably 1 to 150, and with particular

preference in a range from 10 to 150. At a resin/Cr
welght ratio below 1 the chromium-derived corrosion
protection effect reaches saturation, and so such
weight ratios are wuneconomic. At a resin/Cr weight
ratio above 200, on the other hand, the effect produced

by adding the chromium compounds remains too weak.

When coatings of the 1invention are formed using
chromium the chromium content in the coating,

calculated as metallic chromium, 1s preferably 1n a

range from 1 to 100 mg/m?, more preferably, though, 1in
a range from 3 to 90 mg/m°, and with particular
preference in a range from 5 to 80 mg/m*. At chromium

contents in the cocating of below 1 mg/m? (calculated as
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metallic Cr) the effect produced by adding the chromium
compounds remains too weak, whereas chromium contents
above 100 mg/m° are uneconomic owing to the saturation
which then occurs of the corrosion protection effect of

the chromium.

The process for forming the coatings of the invention
on the Al/Zn steel sheets 1s not subject to any
particular limitations. The coatings can be applied by
any desired processes, such as by coating with rolls
(roll coater). Following application the sheets are

dried preferably at a temperature (of the sheets) of

from 60 to 200°C with a drying time of within 60 s in,
for example, electric ovens, hot-air ovens or 1induction

Qvens.

The present invention in 1ts more specific form
provides a chromium-free surface-treatment composition
which 1s characterized 1in that 1t comprises the

following components A, B, and C:

A) a water—-based resin containing carboxyl groups and
acid amide bonds,

B) one or more metal compounds selected from the

group consisting of Al, Mg, Ca, Zn, Ni, Co, Fe, Zr, Ti,
V, W, Mn, and Ce compounds,

C) a silicon compound.

Preference is given in this context to chromium-free
surface-treatment compositions 1n which as component A
urethane resin or acrylic resin, as component B a 4r
compound, and as component C one or more silicon
compounds selected from the group consisting of silica,

silicic salts, colloidal silicon oxide, and sililane

coupling reagents are used. Particular preference 1is
given to those chromium-free surface-treatment
compositions in which as component C silane coupling

reagents are used.

In these surface-treatment compositions the mass ratio
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(resin/Zxr) of component A, water-based resin contalning
carboxyl groups and acid amide bonds (solid), to Zr 1in
the 2r compounds of component B 1s preferably in a
range from 1 to 300. The weight ratio (resin/Si) of
component A to Si in the silane coupling reagent 1s

preferably in a range from 10 to 800.

These surface-treatment compositions of the i1invention

for metal sheets, but particularly for use on Al/Zn

steel sheets, are blends of resins of component A with
metal compounds of component B and silicon compounds of
component C. For their preparation, for example, water
can be introduced into a vessel. Subsequently - 1n this
order - the resins of component A, the metal compounds

of component B, and the silicon compounds of component

C are added and are mixed by stirring, using a

propeller stirrer, for instance.

The water-based resins of component A are composed
essentially of resins containing carboxyl groups 1n
acid amide bonds and form a coating on the metal

surface. As hydrophilic groups, not only do the

carboxyl groups promote the emulsion stability, but
thelir presence also 1mproves adhesion on the metal
substrate. Moreover, their crosslinking reaction with
the metal compounds and silicon compounds present 1n
the composition allows a coating to be formed which has
outstanding corrosion resistance and alkall resistance.
The carboxylic acid eguivalent 1in the water-based

resins for use in the invention 1s preferably 0.15 to

3.5 mg equivalent/g. The acid amide bonds  -CONH-
present in the resins take on the structure -C(OH)N- 1in
the presence of strong alkalis and act as acid. Since
acid amide bonds react with acld to form unstable salts
and neutralize alkali, resins containing acid amide

bonds are resistant both to acid and to alkalal and

therefore offer outstanding corrosion resistance and
alkali resistance. The acid amide outstanding corrosion

resistance and alkali resistance. The acid amide
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equivalent 1in the water-based resins for use 1in the
invention 1s preferably 0.05 to 3.5 mg equivalent/qg.
Examples of resins containing carboxyl groups and acid
amide bonds 1nclude acrylic resins, ester resins, and
urethane resins 1nto which carboxyl groups and acid
amide bonds have been 1ntroduced. These resins are SoO-
called water-based resins, 1.e., they are used 1n
aqueous systems, 1.e., 1in a form 1n which they are
emulsified or dissolved in water. From the standpoints
of hydrolysis resistance and wear resistance of the
coating it 1is preferred to use urethane resins. The

process for the synthesis of the resins 1s not subject

to any particular limitations, although they are
preferably synthesized by processes utilized
industrially.

As metal salts of the component B added to the water-

based resins of component A 1t 1s preferred to use one

or more metal compounds selected from the group

consisting of Al, Mg, Ca, Zn, Ni, Co, Fe, Zr, Ti, V, W,

=

Mn, and Ce compounds. As metal compounds of this kind

it 1is possible to use phosphates, acetates, nitrates,
sulfates, carbonates, ammonium carbonates, chlorides,
fluorides, amnmonium fluorides, fluoride complexes,

acetylacetonates, and the like.

If, in particular, Zr compounds are used as metal
compounds of component B then the mass ratio (resin/Zr)
of component A, water-based resin containing carboxyl

groups and acid amide bonds (solid), to Zr in the Zr

compounds of component B 1s preferably i1n a range from 1
to 300, more preferably 1n a range from 1 to 200, and
with particular preference 1n a range from 10 to 150.
Mass ratios (resin/Zr) of the water-based resin
containing carboxyl groups and acid amide bonds (solid)
to Zr in the Zr compounds of less than 1 are uneconomic,
since there is saturation of the anticorrosive effect
produced by the Zr compounds: Corresponding mass ratlos

above 300, on the other hand, are disadvantageous owing
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to the weak anticorrosive effect the Zr compounds then
have. The same 18 true, mutatis mutandis, 1n those cases

where the other metal compounds are employed.

The silicon compounds for addition to the water-based
resins of component A are not subject to any particular
limitations. Preference 1s g¢given, however, to usling one
or more silicon compounds selected from the group
consisting of silica, silicic salts, colloidal silicon
oxlide, and silane coupling reagents. Of these,
particular preference is given to using silane coupling
reagents such as vinyltrimethoxysilane and gamma-

glycidyloxypropyltriethoxysilane.

Where silane coupling reagents are used as silicon

compound of component C the mass ratio (resin/Si) of
resins of component A c¢ontaining carboxyl groups and

acid amide bonds to Si in the silane coupling agent 1S

preferably 1in a range from 10 to 800, Dbut more

preferably in a range from 50 to 600, and with

particular preference in a range from 100 to 400. Mass
ratios (resin/Si) of resins of component A containilng

carboxyl groups and acid amide bonds to Si 1n the

silane coupling reagent of less than 10 are uneconomic,

since there 1is saturation of the anticorrosive effect
produced by the silane coupling reagents. Mass ratios
(resin/Si) of resins of component A contalning carboxyl
groups and acid amide bonds to Si 1n the silane
coupling agent of more than 800, on the other hand, are
disadvantageous, owing to the weak anticorrosive effect
the silane coupling reagents then have. The same 1s
true, mutatis mutandis, in those cases where the other

silicon compounds are employed.

Surface-treatment compositions of the 1invention for
metal sheets can be admixed with, as lubricants,
substances including molybdenum disulfide, graphite,
fluoro resins, and polyolefin waxes. Additionally the

coating can be colored using color pigments. Provided
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the performances of the coating are unaffected it is
also possible for foam inhibitors and leveling agents
(Elow assistants) to be added to the surface-treatment

compositions.

The processes for treating the surfaces of Al/Zn steel

sheets with surface-treatment compositions of the
invention for metal sheets are not subject to any
particular limitations; they can be applied 1n any

d

Following application the metal sheets are dried

esired processes, using roll coaters, for example.

- .

preferably at a temperature (of the sheets) of from 60
to 200°C with a drying time of within 60 s in, for
example, electric ovens, hot-alr ovens or 1induction

ovens.

The weight of the coats formed with the surface-

treatment compositions of the invention on Al/Zn steel

sheet surfaces (coating-weight) after drying 1s not

subject to any particular restrictions but 1S

preferably in a range from 0.5 to 5 g/m“. Steel sheet

coverings of Al/Zn alloys with Al contents of from 25

to 75% by weight have the disadvantage that they are

hard and brittle. By coating with the aforementioned
resins, however, 1t 1s ©possible to prevent the
detachment of the alloy coverings. At a resln coatilng-

weight below 0.5 g/cm® this detachment prevention

effect remains weak, whereas coating-welghts of more

than 5 g/m* are uneconomic, since at that point there

is saturation of the detachment prevention effect.

The 1invention further provides in 1ts more specific

form chromiumlessly surface-treated Al/Zn steel sheets
with outstanding alkali resistance, cold-rollability,
and corrosion resistance, which are characterized 1n
that on at 1least one side, with a coating-weight of
from 0.2 to 5.0 g/m®, a coating has been applied which

comprises the followlng components A, B, and C:
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A) a water-based resin containing carboxyl groups and
acld amide bonds,
B) one or more metal compounds selected from the

group consisting of Al, Mg, Ca, Zn, Ni, Co, Fe, Zr, Ti,
V, W, Mn, and Ce compounds,

C) a silicon compound.

Preference 1s given here to using as component A

urethane resin or acrylic resin, as component B a Zr

compound, and as component C one or more silicon

compounds selected from the group consilisting of silica,

silicic salts, colloidal silicon oxide, and silane
coupling reagents. It 1s particularly preferred to use

silane coupling agent as component C.

The mass ratio (resin/Zr) of component A, water-based

resin contailning carboxyl groups and acid amide bonds

(solid), to Zr 1n the Zr compounds of component B, 1in

the case of these chromium-free, surface-treated Al/Zn

steel sheets, 1s preferably in a range from 1 to 300;
the mass ratio (resin/Si) of component A to Si in the

silane coupling reagent 1is preferably i1n a range from
10 to 800.

The Al/Zn steel sheets used as substrates are subject
to the elucidations given earlier on above 1n

connection with the general form of the invention.

Working examples

In the text below the 1nvention 1s 1llustrated by
working examples and comparative examples, without

limitation of the subject matter of the invention to

the examples given. In the examples figures in parts

and % refer always to the weight.

Production of metal test sheets

1. Materials
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5% Al/Zn steel sheet (GF = Galfan®)

55% Al/Zn steel sheet (GL = Galvalume®)
2. Degreasing
After degreasing (Fine Cleaner™ 4336 (registered

trademark of Nihon Parkerizing (Japan), silicate-based
alkaline degreasing agent, concentration 20 g/1,
temperature 60°C, 20 seconds’ spraying) cleaning with

tap water.

A} General form of the i1nvention (optionally chromium-

containing)

A3. Synthesis of the resins

A3.1 Urethane resin containing acid amide bonds

100 parts of polyester resin (number-average molecular
weight: 1000, terminal carboxyl groups), 100 parts of
diol compound (number—-average molecular weilight: 1000,
terminal hydroxyl groups), 15 parts of 2,2-dimethylol-
propionic acid, 100 parts of dicyclohexylmethane
diisocyanate, 100 parts of N-methyl-Z2-pyrrolidone were
reacted to form a prepolymer and this product was

dispersed 1n deilonized water.

A3.2 Acrylic resin containing acid amide bonds

Following reaction of 10 parts of acrylic acid with
5 parts of isophorone diisocyanate 25 parts of styrene,

10 parts of methyl methacrylate, 20 parts of butyl

methacrylate, and 30 parts of Z2Z-ethylhexyl acrylate
were added. Dropwise 1ntroduction of this mixture 1into
an agueous solution containing surfactant gave acrylic

resin.

A3.3 Ethylene-modified acrylic resin

An agueous ethylene-acrylic acid copolymer dispersion

was used.
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solution for the surface

Ad. Preparation of the
Creatment

At room temperature the resins listed in table Al
(solids concentration 1in each case 25%) and the
chromium compounds listed 1n table A2 (Cr concen-
tration, calculated as metallic Cr, in each case 5%)

were added 1n thils order to distilled water and were

mixed by stirring with a propeller stirrer. In this way
the solutions Cl1 ~ C8 and D1 ~ D2 for the surface

treatment were prepared.

Table Al

No. Resin Acid amide bonds
Al Urethane resin Yes

A2 Acrylic resin Yes

A3 Ethylene-modified acrylic resin No

Table AZ

No. Chromium compound (hexavalent Cr/(trivalent Cr +

hexavalent Cr)

Bl Hexavalent Cr 0.7
+ trivalent Cr
B3 Hexavalent Cr 1.0
Table A3
No. Composition (parts by weight) Resin/Cr
Resin Cr compound
Cl Al (85) Bl (95) 95
C2 Al (95) B2 (5) 95
C3 Al (92) Bl (8) 58
C4 A2 (85) B2 (15) 18
C5 A2 (75) Bl (25) 15
Co A2 (97) B2 (3) 162
C7 Al (100) - -
C8 AZ (100) = -
D1 A3 (95) B2 (5) 95
DZ A3 (85) B2 (15) 28

Production of the surface~treated steel sheets
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The surface-treatment compositions Cl ~ C8 and D1 ~ D2

were applied using a bar coater to the surfaces of the
GL and GF test sheets 1in such a way that the coating-
welghts and Cr application rates indicated in tables A4
(working examples 1 to 12) and A5 (comparative examples
1 to 4) were obtalned. This was followed by drying at
an ambient temperature of 240°C. The coating-weights
(g/m?) were adjusted by way of the corresponding choice
of the solids concentration in the surface-treatment

compositions. Thereafter the corrosion resistance (of

the flat area) and alkalil resistance (flat area) of the

surface-treated steel sheets was evaluated in
accordance with the method described Dbelow for
evaluating the coating performances. The results are
collated 1n tables A4 and AS.

Table A4d: Working examples

No. Sub- STC Coating- Cr application Corrosion Alkali
welght

strate (g/m*) (mg/m?) resistance
1 GL C1l 1.5 15.8 1 1
2 GL C2 1.5 15.8 1 1
3 GL C3 1.5 25.9 1 1
4 GL C4 1.5 53.6 1 1
5 GL C5 1.5 100.0 1 1
o GL Cé 1.5 9.3 1 1
7 GL C7 1.5 0 2 1
s GL C8 1.5 0 2 1
9 GL C1 0.5 5.1 1 1
10 GL C2 3.0 31.9 1 1
11  GF C3 1.5 25.9 1 1
12 GF C4 1.5 53.6 1 1
(Abbreviations: STC = surface-treatment composition
No.; corrosion resistance = corrosion resistance of the

flat area)
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Table Ab: Comparative examples

No. Sub- STC Coating- Cr application Corrosion Alkali
weight
strate (g/m’) (mg/m?) resistance
1 GL D1 1.5 15.8 3 X
2 GL D2 1.5 53.6 2 ¢
3 GL D1 3.0 31.6 2 ¥
4 GL D2 5.0 178 .7 2 %

(Abbreviations: as for table A4)

Method of evaluating the coating performances

1. Corrosion resistance 1n the flat area

After 240 h of salt spray test 1n accordance with
10 JIS-2-2371 the rusting was 1inspected and was evaluated

in accordance with the following criteria:

No rusting
Rusting over less than 10% of the total area

15 Rusting over 10% to less than 30% of the total area

X N

Rusting over 30% or more of the total area

Alkali resistance

The test sheets were 1mmersed 1in 1% strength agueous
20 NaOH solution for 5 hours and the condition of the

coating was compared before and after immersion wilth

one another. Evaluation was made 1n accordance with the

following criteraia:

25 1 Appearance unchanged
% Fraction of discolored area less than 10% of the

total area

3 Fraction of discolored area 10% to less than 30% of

the total area
30 X Fraction of discolored area 30% or more of the

total area
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As demonstrated by tables A4 and Ab5, the surface-
treated steel sheets of the invention exhibit both good
corrosion resistance and good alkali resistance. In

#

contrast, 1n the case of the surface-treated steel

sheets of the comparative examples, which do not embody

the features of the 1inventilion, either deficient
corrosion resistance or deficient alkall resistance 1is

found.

Advantages of the invention

Al/Zn steel sheets of the 1nventlion with a coating
composed of certain (above-described) resins formed on
their surfaces exhibit both outstanding corrosion
resistance and outstanding alkall resistance.
Additionally the steel sheets of the 1invention have

good cold-rollability (i1.e., no buildup of coverings on

the rolls) and have an outstanding appearance after

cold rolling. They are therefore of high utility 1in

industry.

B) Specific (chromium-free) form of the invention

B3. Synthesis of the resins

B3.1 Urethane resin containing acid amide bonds

100 parts of polyester resin (number-average molecular
weight: 1000, terminal carboxyl groups), 100 parts of
dicl compound (number-average molecular weight: 1000,
terminal hydroxyl groups), 15 parts of 2,2-dimethylol-

propionic acid, 100 parts of dicyclohexylmethane

diisocyanate, 100 parts of N-methyl-2-pyrrollidone were
reacted to form a prepolymer and this product was
dispersed in deionized water. Characteristics of the
urethane resin: carboxylic acid eqguivalent: 0.75 mg
equivalent/g, acid amide equivalent: 0.5 mg

equivalent/g.

B3.2 Acrylic resin containing acid amide bonds
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Following reaction of 10 parts of acrylic acid with

5 parts of isophorone diisocyanate 25 parts of styrene,

10 parts of methyl methacrylate, 20 parts of butyl
methacrylate, and 30 parts of Z2-ethylhexyl acrylate

were added. Dropwise introduction of this mixture 1into
an agueous solution containing surfactant gave acrylic
resin. Characteristics of the urethane resin:
carboxylic acid equivalent: 0.75 mg equivalent/g, acid
amide equivalent: 0.5 mg equivalent/g. At room tempe-
rature the resins 1listed 1n table Bl1, the metal
compounds listed in table BZ2, and the silicon compounds
listed 1n table B3 were added 1n this order ¢to

distilled water and were mixed by stlirring with a

propeller stirrer. In this way the surface-treatment

compositions listed 1n table B4 were prepared.

Table Bl
No. Resin Acid amide bonds Carboxyl
groups
Al Urethane resin Yes - Yes
AZ Acrylic resin Yes Yes
A3 Ethylene-modified
acrylic resin No Yes

(solids concentration 1n each case 25%)

Table BZ

No. Metal compound

Bl Zirconium ammonium carbonate
B2 Zirconium ammonium fluoride
B3 Titanium acetylacetonate

B4 Ammonlium vanadate
B5 Cobalt carbonate

Table B3

No. Silicon compound

Cl Vinyltrimethoxysilane

C2 gamma-Glycidyloxypropyltriethoxysilane
C3 Colloidal silicon oxide

C4 Potassium silicate
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Table B4
No Composition (parts by weight)
Resin Me Si Resin/ Resin/
compound compound metal S1
D1 Al 100 Bl 2 Cl 0.2 50 500
D2 Al 300 B2 3 Cl 1 100 300
D3 Al 150 B3 1 C2 0.75 150 200
D4 Al 700 B4 3.5 C2 1 200 700
D5 Al 100 B5 1 C2 1 100 100
D6 Al 150 Bl 1 C3 0.5 150 300
D7 Al 150 Bl 1 C4 0.75 150 200
D8 AZ 300 Bl 3 Cl 1 100 300
D9 AZ 100 BZ 2 C2 0.25 50 400
D10 Al 100 B2 0.25 Cl 0.2 400 500
D11 Al 100 B2 2 C1l 0.1 50 1000
D12 Al 100 B1 1 - - 100 —
D13 Al 100 - — C2 0.5 - 200
D14 A3 100 Bl 2 Cl 0.2 50 500
D15 A3 150 B2 1 CZ 0.5 150 300

B5. Production of the surface-treated steel sheets

The surface-treatment compositions described  were
applied using a bar coater to the surfaces of the test
sheets, then dried at an ambient temperature of 240°C.
The coating-weights (g/m°) were adjusted by way of the
corresponding choice of the solids concentration in the

surface-treatment compositions.

Evaluation of the coating performances

1. Corrosion in the flat area

After 240 h of salt spray test 1n accordance with

JIS-Z2-2371 the rusting was 1inspected and was evaluated

1n accordance with the following criteria:

1 No rusting

2 Rusting over less than 10% of the total area

3 Rusting over 10% to less than 30% of the total area
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X Rusting over 30% or more of the total area

Alkall resistance

The test sheets were 1mmersed 1n 1% strength aqueous

5 NaOH solution for 5 hours and the condition of the

coating was compared before and after 1mmersion with

one another. Evaluation was made 1n accordance with the

followlng criteria:

10 1 Appearance unchanged

2 Fraction of discolored area 1less than 10% of the

total area
3 Fraction of discolored area 10% to less than 30% of

the total area

15 X Fraction of discolored area 30% or more of the

total area
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Table BS:
No. STC Coating-
weight
(g/m)
1 Dl 2.0
2 D2 2.0
3 D3 2.0
4 D4 2.0
5 D5 2.0
6 D6 2.0
7 D7 2.0
8 D8 2.0
9 DS 2.0
10 D2 0.5
11 D2 2.0
12 D3 2.0
(Abbreviations:
NO.;

flat area)

Table Ro:
NoO. STC
1 pPl1o
2 D11

3 D12
4 D13

5 D14

6 D15
7 D1

Substrate

GL
GL
GL
GL
GL
GL
GL
GL
GL
GL
GF
GF

surface-treatment

COrrosion resistance

N NN

weight
(g/m*)
2.

Coating-

21

S——
i

(Results/working examples)

Corrosion

resistance

1

N N e N = W N RN N S S Sy U Sy P S, St

Alkali

reglstance

R = S T e e R N R S T e e N T

composition

corroslon resistance of the

(Results/comparative examples)

Substrate Corrosion
resistance

GL 3

GL 3

GL 3

GL 3

GL X

GE X

GL 3

The results of testing

(inventive working

Alkali

resistance

X

XXX wooXx X

examples and



10

15

CA 02464581 2004-04-22

- 20 -

comparative examples) are collated in tables B5 and Bb6.

gt
—

The surface~treated steel sheets of the invention from

working examples Nos. 1 to 12 exhibit both good
corrosion reslstance and good alkali resistance. In
contrast, 1in the case o0of the surface-treated steel
sheets of comparative examples Nos. 1 to 7, which do

not embody the features of the invention, either

defliclient corrosion resistance or deficient alkali

reslstance 1s found.

Advantages of the invention
Treatment of the surfaces of metal sheets, particularly
Al/Zn steel sheets, with surface-treatment compositions

of the 1nvention endows these sheets with outstanding

corrosion resistance and alkali resistance. Since,
moreover, these sheets exhibit outstanding cold-
rollability, the invention has a high industrial
utility. Since they are chromium-free, moreover, there

18 no environmental burden either.
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A surface-treated steel sheet, characterized 1in

that on the surface of a steel sheet with a

_—

covering of an Al/Zn alloy a coating 1s formed
which comprises as 1ts principal constituent a
urethane resin with acid amide groups, with a
ratio of urethane bonds to acid amide bonds 1in the

range from 9:1 to 1:9.

The surface~treated steel sheet of claim 1, where
the coating comprises as an additional component a

chromium compound.

The surface—-treated steel sheet of claim 2, where
the resin/Cr weight ratio, of dry weight of the
resin containing acid amide bonds to welight of the
chromilum compound (calculated as metallic

chromium), 1s in a range from 1 to 200.

The surface-treated steel sheet of claim 2 or 3,
where the chromium content of the c¢oating,
calculated as metallic chromium, 1s 1n a range
from 1 to 100 mg/m°.

The surface-treated steel sheet with a covering of
an Al/Zn alloy of claim 1 with outstanding alkali
resistance, cold-rollability, and COrrosion

reslstance, characterized 1n that 1t has been

chromliumlessly surface-treated and 1n that on on
at least one side, with a coating-weight of from
0.2 to 5.0 g/m“, a coating has been applied which
comprises the following components A, B, and C:

A) a urethane resin with acid amide groups, with

a ratio of urethane bonds to acid amide bonds
in the range from 9:1 to 1:09.

B) one or more metal compounds selected from the
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group consisting of Al, Mg, Ca, Zn, Ni, Co,
Fe, 2r, Ti1, V, W, Mn, and Ce compounds,

C) a slilicon compound.

The chromiumlessly surface-treated Al/Zn steel
sheet of c¢laim 5, for which as component A
urethane resin with 1introduced acid amide groups,

with a ratio of urethane bonds to acid amide bonds

in the range from 9:1 to 1:9, as component B a Zr

compound, and as component C one or more silicon

compounds selected from the group consisting of

silica, silicic salts, colloidal silicon dioxide,

and silane coupling reagents are used.

The chromiumlessly surface-treated Al/Zn steel
sheet of claim 5 or 6, for which as component C a

silane coupling reagent 1s used.

The chromiumlessly surface-treated Al/Zn steel
sheet of claim 5, 6 or 7, for which component B 1is
selected from Zr compounds and the mass ratio
(resin/Zr) of component A (solid) to Zr in the Zr
compounds of component B 1s 1n a range from 1 to
300.

The chromiumlessly surface-treated Al/Zn steel

F

sheet of claim 7 or 8, 1n which the weight ratio

(resin/Zr) of component A (solid) to Si 1in the

silane coupling reagent 1s 1n a range from 10 to
300.

A chromium-free surface-treatment composition for
metal sheets, characterized 1n that it comprises
the following components A, B, and C:

A) a urethane resin with 1ntroduced acid amide

groups, wlth a ratio of urethane bonds to
acld amide bonds 1n the range from 9:1 to
1:9,

B) one or more metal compounds selected from the




10

15

20

25

30

11.

12.

13.

14.

CA 02464581 2004-04-22

group consisting of Al, Mg, Ca, Zn, Ni, Co,
Fe, Z2r, Ti1, V, W, Mn, and Ce compounds,

C) a silicon compound.

The chromium-free surface-treatment composition

p—

for metal sheets of c¢laim 10, in which as

component A urethane reslin with introduced acid
amide groups, having a ratio of urethane bonds to
acld amide bonds 1n the range from 9:1 to 1:9, as

component B a Zr compound, and as component C one

or more silicon compounds selected from the group

consisting of silica, silicic salts, colloidal

silicon oxide, and silane coupling reagents are

used.

The chromium-free surface-treatment composition
for metal sheets of claim 10 or 11, 1in which as

component C a sillane coupling reagent is used.

The chromium-free surface-treatment composition

for metal sheets of claims 10, 11 or 12, in which

component B 1s selected from Zr compounds and the

g

mass ratio (resin/Zr) of component A (solid) to Zr

in the Zr compounds of component B is in a range
from 1 to 300.

The chromium-free surface-treatment composition

for metal sheets of claim 12 or 13, in which the

F

welght ratio (resin/Zr) of component A (solid) to

S1 1n the silane coupling reagent is 1in a range
from 10 to 800.
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