Office de la Propriete Canadian CA 2650719 A1 2007/11/22

Intellectuelle Intellectual Property
du Canada Office (21) 2 650 71 9
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2007/05/15 (51) ClLInt./Int.Cl. C23C 2/06 (2006.01)

(87) Date publication PCT/PCT Publication Date: 200//11/22 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2008/10/29 THYSSENKRUPP STEEL AG, DE

o ST . D (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: EP 2007/054712 OSTWALD. CARMEN. DE:

(87) N publication PCT/PCT Publication No.: 2007/132008 MEURER, MANFRED, DE:;
(30) Priorité/Priority: 2006/05/15 (EP06113963.0) BENDICK, OLIVER, DE;
KELLER, MICHAEL, DE;

NABBEFELD-ARNOLD, ERICH, DE
(74) Agent. KIRBY EADES GALE BAKER

(54) Titre : PROCEDE DE FABRICATION D'UN PRODUIT PLAT EN ACIER RECOUVERT D'UN SYSTEME ANTI-
CORROSIF

54) Title: METHOD FOR PRODUCTION OF A FLAT STEEL PRODUCT COATED WITH A CORROSION PROTECTION
SYSTEM

(57) Abréegée/Abstract:

The present invention relates to a process which makes it possible to economically produce highly corrosion-resistant and at the
same time readily workable sheet steel products provided with an anticorrosion system. The process comprises the following steps:
- preheating of the steel substrate to a strip temperature under a protective gas atmosphere; - cooling of the steel substrate to a
strip entry temperature; - melt dip coating of the steel substrate in a zinc bath so that a metallic anticorrosion coating which in an
Intermediate layer has an Al content of not more than 0.5% by weight Is formed on the steel substrate; - adjustment of the
thickness of the metallic anticorrosion coating applied to the steel substrate in the melt bath to values of 3-20 um on each side by
stripping off excess coating material; - cooling of the steel substrate provided with the metallic anticorrosion coating and -
application of the organic coating to the metallic anticorrosion coating of the steel substrate.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

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

OPIC - CIPO 191




CA 02650719 2008-10-29

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationales Biiro

(43) Internationales Veroffentlichungsdatum

22. November 2007 (22.11.2007)

(51) Internationale Patentklassifikation:
C23C 2/06 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2007/054712

(22) Internationales Anmeldedatum:
15. Mai 2007 (15.05.2007)

(25) Einreichungssprache: Deutsch

(26) Verolfentlichungssprache: Deutsch

(30) Angaben zur Prioritat:

06113963.0 15. Mai 2006 (15.05.2006) EP

(71) Anmelder (fiir alle Bestimmungsstaaten mit Ausnahme von
US): THYSSENKRUPP STEEL AG [DE/DE]; Kaiser-

Wilhelm-Strasse 100, 47166 Duisburg (DE).

(72) Erfinder; und

(75) Erfinder/Anmelder (nur fiir US): OSTWALD, Car-
men [DE/DE]; Sengsbank 39, 44149 Dortmund (DE).
MEURER, Manired [DE/DE]; Johannes-Laers-Strasse
57a, 47495 Rheinberg (DE). BENDICK, Oliver [DE/DE];
Bachstrasse 2, 58313 Herdecke (DE). KELLER, Michael
[DE/DE]; Zum Bohnengarten 19, 57258 Freudenberg
(DE). NABBEFELD-ARNOLD, Erich [DE/DE]; Oberm
Waildchen 16, 57482 Wenden (DE).

(10) Internationale Veroffentlichungsnummer

WO 2007/132008 Al

(74) Anwalt: COHAUSZ & FLORACK; Bleichstrasse 14,
40211 Diisseldort (DE).

(81) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare nationale Schutzrechtsart): AE, AG, AL,
AM, AT, AU, AZ,BA, BB, BG,BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, K7, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fiir
Jede verfiigbare regionale Schutzrechtsart): ARIPO (BW,
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), eurasisches (AM, AZ, BY, KG, K7, MD, RU,
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC,
MT, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Veroftentlicht:
mit internationalem Recherchenbericht

Zur Erkldrung der Zweibuchstaben-Codes und der anderen Ab-
kiirzungen wird auf die Erkldrungen ("Guidance Notes on Co-
des and Abbreviations") am Anfang jeder reguldren Ausgabe der
PCT-Gazette verwiesen.

(54) Title: PROCESS FOR PRODUCING A SHEET STEEL PRODUCT COATED WITH AN ANTICORROSION SYSTEM

(54) Bezeichnung: VERFAHREN ZUM HERSTELLEN EINES MIT EINEM KORROSIONSSCHUTZSYSTEM UBERZOGE-
NEN STAHLFLACHPRODUKTS

(57) Abstract: The present invention relates to a process which makes it possible to economically produce highly corrosion-resis-
tant and at the same time readily workable sheet steel products provided with an anticorrosion system. The process comprises the
following steps: - preheating of the steel substrate to a strip temperature under a protective gas atmosphere; - cooling of the steel
substrate to a strip entry temperature; - melt dip coating of the steel substrate in a zinc bath so that a metallic anticorrosion coating
which in an intermediate layer has an Al content of not more than 0.5% by weight is formed on the steel substrate; - adjustment
of the thickness of the metallic anticorrosion coating applied to the steel substrate in the melt bath to values of 3-20 uwm on each
side by stripping off excess coating material; - cooling of the steel substrate provided with the metallic anticorrosion coating and -
application of the organic coating to the metallic anticorrosion coating of the steel substrate.
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50 (57) Zusammenfassung: Die vorliegende Erfindung betrifft ein Verfahren, das eine wirtschaftliche Herstellung von hoch kor-
= rosionsbestidndigen und gleichzeitig gut weiter verarbeitbaren mit einem Korrosionsschiitzsystem versehenen Stahlflachprodukten
& crmoglicht. Dazu werden folgende Arbeitschritte durchlaufen : - Vorwarmen des Stahlsubstrats auf eine Bandtemperatur unter
€N ciner Schutzgasatmosphare; - Abkiihlen des Stahlsubstrats auf eine Bandeintrittstemperatur ; - Schmelztauchbeschichten des Stan-
€73 Isubstrats in einem Zinkbad, so dass auf dem Stanlsubstrat ein metallischer Korrosionsschutziiberzug gebildet wird, der in einer
~. Zwischenschichteinen Al-Gehalt von hdchstens 0, 5 Gew.-% aufweist ; - Einstellen der Dicke des im Schmelzenbad auf das Stahl-
[~ substrat aufgebrachten metallischen Korrosionsschutzuberzugs auf Werte von 3 - 20 um je Seite durch Abstreifen tiberschiissigen
& Uberzugsmaterials; - Abkiihlen des mit dem metallischen Korrosionsschutziiberzug versehenen Stahlsubstrats und - Auftragen der
I~ organischen Beschichtung auf den metallischen Korrosionsschutziiberzug des Stahlsubstrats .
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METHOD FOR PRODUCTION OF A FLAT STEEL PRODUCT COATED WITH A
CORROSION PROTECTION SYSTEM

The invention concerns a method for production of a flat
steel product coated with a corrosion protection system in
which a zinc-based coating is applied to a steel substrate
such as a steel strip or sheet by means of hot dip coating
and 1n which an organic cocating 1s appiied to the zinc-

based coating.

To 1mprove the resistance to corrosion, 1n particular on
steel sheets or strips, metallic coatings are applied which
in the majority of applications are based on zinc cr zinc
alloys. Such zinc or zinc alloy coatings, because of their
barrier and cathodic protective effect, provide good

protection 1n practical use for the steel sheet coated in

this way.

The corrosion resistance of zinc-coated sheet metal is
further improved by application of organlic coatings which

in practice usually comprise lacquer systems constructed of

several layers. One method for applying such a lacqguer
system to steel sheets with a zinc coating for example is
described in WO 98/24857. According to this known method,
the substrate surface 1s first cleaned. Then if necessary
an organic and/or inorganic pre-treatment agent is applied
to the coating. Then the coating layer prepared in this way

1s given a coating of a so-called primer as an adhesicn

promotion agent, on which in turn i1s applied, by means of

spraying, dippiling, scraping, rolling or spreading, a

Si/cs 060620W0
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lacquer containing an amine-modifiled epoxy resin and a
reticulation agent suitable for cross-linking. After
application of this lacquer, %this is baked and where
necessary a removable or permanent film laid over the

lacquer f1lm to protect 1t from damage during transport or

further processing, or to establish specific surface
properties. The advantage achieved by this method i1s that
wlth corresponding preparation of the coating surface, the
primer shows little or no surface disruption and no
adhesion problems occur. Substrates coated in this way
therefore have good, even surface quality and are
characterised by good formability, durability, resistance

to chemical substances, corrosion and weathering.

In the prior art explained above, there is regularly a need
for pre~treatment of a coating surface which has the
disadvantage not only of associated cost but also in
particular that the pre-treatment agent 1s usually harmful
to the environment. One possibility for applying a lacqguer
system directly to the untreated surface without special

H
-

pre—treatment 1s described in DE 103 00 751 Al. According

to the method described in this publication, by the use of

a suitable corrosion protection composition described in

2

more detail in DE 103 00 751 Al, and while observing

specific layer thicknesses and establishing a particular
tflexibility and adhesion strength of the coating, 1t 1is
possible to produce, on a hot galvanised sheet with no
rurther pre-treatment, a coating layer which is only 4 - 8
pum thick and which ensures a high corrosion resistance.
However such methods, because of the complexity of the

influences and operating parameters to be taken into

account 1n their performance, are regarded as laborious and

ST/cs 060620W0O
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can only be implemented with difficulty under the crude

operating conditions which usually predominate in practice.

The opbject of the invention is to specify a method which
allows economic production of highly corrosion-resistant
rlat steel products which at the same time are easy to

process tfurther.

This object 1s achieved with a method for production of a

flat steel product coated with a corrosion protection

[ -

system 1n which a zinc-based coating 1is applied to a steel
substrate such as a steel strip or sheet by means of hot

dip coating, and in which an organic coating is applied to
Che zinc-based coating, in that such a method comprises the

following work steps:

- preheating the steel substrate in a preheating oven to
a strip temperature of 720 to 850°C under inert gas

atmosphere;

- coollng the steel substrate to a strip inlet

temperature of 400 - 600°C;

- hot dip coating of the steel substrate under air

exclusion in a zinc bath which contains, as well as

zinc and unavoidable impurities, (in wt. %) 0.15 - 5%

Al, 0.2 - 3% Mg and optionally in total up to 0.8% of

one or more elements of the group Pb, Bi, Cd, Ti, B,
51, Cu, Ni, Co, Cr, Mn, Sn and rare earths, and with

bath temperature of 420 - 500°C, wherein the
difference between the strip immersion temperature and
path temperature varies in the range from -20°C to
+100°C, so that on the steel substrate a metallic
corrosion protection coating is fermed which (in wt.

s) contains 0.25 - 2.5% Mg, 0.2 - 3.0% Al, £ 4.0% Fe

and optionally in total up to 0.8% of one or more

SI1/cs 060620WO0
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elements of the group Pb, Bi, Cd, Ti, B, Si, Cu, Ni,
Co, Cr, Mn, Sn and rare earths, remainder zinc and
unavoxidable impurities and which has an Al content of
maximum 0.5 wt. % in an intermediate layer extending
between a surface layer directly adjacent to the
surface of the flat steel product and a border laver
adjacent to the steel substrate and with a thickness
amounting to at least 20% c¢f the total thickness of
the corrosion protection coating;

- adjusting the thickness of the metallic corrosion

protection coating applied to the steel substrate in
the melt bath to values of 3 - 20 um per side by
scraplng away excess coating material;

- cooling the steel substrate with the metallic

corrosion protection coating; and

- Applying the crganic coating to the metallic corrosion

protection coating of the steel substrate.

According to the invention, a steel substrate present in
the form of a fine steel sheet or strip is subject to a
coating process, the work steps of which, with regard to
the economics of large scale implementation, are preferably
periformed 1n continuous passage. The through speeds set in
practice can, depending on the efficiency and time required

for the processing step concerned, lie in the range of 60 -

150 m/min.

-y

As part of the method according to the invention, first the

steel substrate is preheated. Preheating can be carried out
for example in a preheating oven of the type DFF (Direct
Flred Furnace) or RTF (Radiant Tube Furnace). In order to

prevent oxidation of the surface of the steel substrate on

SI/cs 060620W0
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heating, the annealing concerned 1s performed under inert
gas which 1in the known manner can have a hydrogen

proportion of at least 3.5 vol.% to typically 75 vol.%.

In order to prepare the steel substrate optimally for the
subsequent coating step, the maximum strip temperature

achieved, depending on steel type, 1s set at 720 to 850°C.

After heating the steel substrate enters the zinc bath
under alr exclusion. This can be achieved in the known
manner for example by introducing the substrate into the
melt bath through a blow pilipe connected with the interior
of the annealing furnace and with 1ts opening submerged in

the melt bath.

The melt bath comprises a melt which, as well as zinc and
the usual production-induced i1mpurities, has contents of
magnesium and aluminium. The composition of the melt is

chosen sc¢ that on the steel substrate a metallic corrosion

protection coating contailining Zn-Mg-Al-Fe 1s formed.

Because of the distributlon ©f the alloy elements it

contains, this has firstly optimum adhesion to the steel

substrate and secondly a surface composition which 1is

suitable for direct application of an organic coating
wilthout complex pre-treatment. At the same time the coating
has excellent weldability which makes the flat steel

products according to the invention particularly suitable

for spot welding.

By using the method according to the invention, the layer
structure of the coating can be formed so that 1n 1its
surface border layer directly adjacent to the surface, the

thickness of which is restricted to max 10% of the total

SI/cs 060620WO
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thickness of the coating, the elements Mg and Al are
initially present enriched as oxides. In addition 2n oxide
1s present at the surface. The amount of Al enrichment at
the zmmediate surface is maximum approx 1 wt. %. The oxide

layer formed on the zinc alloy coating passivates the

surface and allows direct lacaguer adhesion.

The thinner the surface border layer, the better the

coatapbility and weldability of the metal corrosion
protection coating produced in the hot dip method.
Therefore the operating parameters for the zinc dip coating
according to the invention are preferably set so that the
thickness of the surface border layer is less than 5%, in
particular less than 1% of the total thickness of the metal

coating.

Next to the surface border layer, up to a thickness of at
least 25% of the total thickness of the coating, is an
intermediate layer with Al content of maximum 0.25 wt. %.
In 1ts border layer adjacent firstly to the intermediate
layer and secondly to the steel substrate, the Al content
then rises to 4.5% at the border to the steel substrate.
The Mg enrichment at the immediate surface of the coating
1s clearly greater than the Al enrichment. Here Mg
proportions of up to 10% are reached. Thereafter the Mg
proportion diminishes over the intermediate layer and, at a
depth of around 25% of the total layer thickness of the
coating, amounts to 0.5 to 2%. Over the border layer there
1s a rise 1n Mg content in the direction of the steel
substrate. At the border to the steel substrate the Mg

content 1s up to 3.5%. The low Al content in the

intermediate layer guarantees particularly good weldability

and even formation of the surface, while the Fe alloyed

SI/cs 060620WO
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into the border layer ensures particularly good adhesion of
the coating to the steel supstrate. The excellent corrosion
protection effect of the coating also achieved with low

coating thicknesses 1s guaranteed by the high content of Mg

and Al 1n the border layer.

The data given here and in the claims on the structure of
the corrosion protection coating and its individual layers
relate to a layer profile determined by GDOS measurement
(glow discharge optical emission spectrometry). The GDOS
measurement method described for example in the VDI
Giossary of Material Technology, 1ssued by Hubert Grafen,

VDI-Verlag GmbH, Dlisseldorf, 1993, 1s a standard method for

rapid detection of a concentration profile of coatings.

In particular the properties listed above are achieved with
a metallic corrosion protection coating produced according
to the inventlon 1f the Al content of the melt bath is 0.15

- 0.4 wt. %. It has been found that with such relatively

low Al contents of a melt bath used in the method for
carrying out the invention, suitable setting of the strip
immersion and/or bath temperature itself can directly
influence the structure of the desired layer system

according to the invention.

In the method according to the invention, during the hot
dip coating 1t 1s achieved that high Al and Mg contents are

enriched 1in the border layer of the metallic corrocsion

protection coating adjacent to the steel substrate, whereas
in the intermediate layer in particular low Al contents are

present. The difference between the temperature of the

strip on immersion and the temperature of the meit bath has

a particular significance. As this difference varies in the

SI/cs 060620W0
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range from -20°C to 100°C, preferably -10°C to 70°C, the
nminimised presence of Al according to the i1nvention 1in the
intermediate layer can be set securely and 1in a targeted

nmnaririe r.

To support further the formation of the layer structure of
the metallic corrosion protection coating to be set
according to the invention, the Mg content of the melt bath

can be restricted to 6.2 to 2.0 wZ. %, 1in particular C.5 to

1.5 wt. %. Elements of the group Pb, Bi, Cd, Ti, B, Si1i, Cu,
Ni, Co, Cr, Mn, Sn and rare earths can be present 1n a
corrosion protection cocating produced according to the
invention up to a total content of 0.8 wt. % in the coating
according to the invention. Pb, Bl and Cd serve to form a

larger crystal structure (flower of zinc), Ti, B, Si to

improve formability, Cu, Ni, Co, Cr, Mn to influence the
border layer reactions, Sn to influence the surface
oxldation and rare earths, 1in particular lanthanum and
cerium, to improve the flow behaviour of the melt. The
impurities which may be contained 1n a corrosion protection
coating according to the inventilion include the constituents
which enter the surface coating from the steel substrate as
a result of the hot dip coating 1n guantities which do not

influence tThe properties of the surface coating.

After passing through the galvanising part, 1n the method

according to the invention the thickness of the surface

coating is set to 3 - 20 um which corresponds to a ccating
mass of the metallic corrosion protection coating of 20 -
140 g/m° per side. The excellent corrosion protection

effect of coatings formed according to the invention allows

the thickness of the coating to be restricted to values of

4 - 12 um, which corresponds to a coating mass of 30 - 85
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g/m° per side. Steel substrates with such thin coatings can

be processed further particularly well.

The scraping away of excess surface coating material to set
the coating thickness can for example be achieved in the
known manner by means of gas jets applied by a nozzle
scraper system. The gas for the gas 7jJets 1is preferably
nitrogen in order to limit as far as possible any oxidation

of the surface of the coating.

After the steel strip with the zinc-based metallic
corrosion protection coatling containing Mg and Al has been
gulded out of the zinc bath, 1t 1is cooled 1in a targeted

manner. The final temperature reached typically corresponds

to room temperature.

Then the steel substrate with the metallic corrosion
protection coating can be subjected to temper rolling in
order to achieve a surface texturing optimally suited to
the subsequent coating. Both the controlled cooling and any
temper rolling performed are carried out preferably, with
regard to economics and efficiency, 1in line and in a

continuous passage wlith the galvanlising process.

Finally, the steel substrate coated in the manner of the
invention 1s organically coated. This can take place in a
separate strip coating plant or also in line directly after
cooling and/or any necessary additional tempering. A
process following continuously after the preceding work

step 1s favourable here because then the cocating can be

applied directly to the freshly produced metallic surface

with particularly good working results. In particular, when

the organic coating follows the preceding work step in

SI/cs 060620W0
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line, it avoids the metallic coating being changed by

agelng, oiling or degreasing.

In principle however it 1s also conceiveble for the organic
coating to be applied in the known manner discontinuously
via a separate coll coating plant. To this end the steel
substrate fitted with the coating can, after galvanising,
cooling or rolling, first be oil1led to guarantee a temporary

corrosion protection.

A furtnher variant 1s "seallng" of the substrate and
galvanising. For this a layer approximately 2 um thick made

of polyacryvlate or polyester 1s applied as simple corrosion

protection and as a further processing aid which, inter

alia, can be applied with thermal or UV hardening.

Surprisingly 1t has been found that the surface present

immediately after the galvanising step without cleaning and

pre-treatment and not influenced by further processing
steps, 1s particularly suited for direct application of the
organic coating. Where at one point of the method according
to the invention cleaning of the surface of the coating 1is
performed, a miid cleaning has proved suitable so that the
native oxlde layer exilisting on the metallic ccoating is
subject to minimum attack. The term "mild cleaning”™ in this
context refers to cleaning 1in which the surface of the
metallic corrosion protection coating 1s treated with a
m:ld alkall cleaning agent (pH value 9 - 10, free
alkalinity up to 14) or a strong alkali (pH value 12 -
12.5, free alkalinity 5) but low concentrate cleaning
agent. Cleaning agents suitable for this purpose are for

example fluids based on phosphate-containing potassium or

ST1/cs 060620WO
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sodium lye, the temperature of which typically lies 1in the

range from 40 - 70°C.

Before application of the organic coating by means of
spraying, dipping or usling a roll coater, pre-~-treatment can
be applied to the strip surface which passivates the
metallic surtface and ensures adhesion between the metal
coating and the lacgquer. This pre-treatment i1s preferably a
system free from Cr’', preferably a pre-treatment totally
free from Cr, which for example 1s produced on a basis of
Ti, Zr, P and/or Si. As the native oxide layers which are
created on the steel substrate carrying the coating already
guarantee excellent passivation of the surface, in many
applications 1mportant 1in practice, however, such pre-
treatment may be completely omitted and the lacquer applied
directly to the metallic substrate which has only been

degreased.

The organic coating can be applied in the known manner in

the form of at least one laver (lacquer and where

applicable film) by means of roll coaters, spraving,
dipping etc. In this way 1t 1s possible to form a single
layer or multilayer structure in which the following layers
or layer systems are implemented and where applicable can

e comblined:

1. Lacquer
2. Lacquer - film
3. Lacguer - film - lacquer

4., Lacguer (with and without adhesive)
This 1s followed by hardening ¢f the coating by means of

heat supply or radiation. With regard to the economics of

the process, hardening by radiation, in particular UV

SI/cs 0606Z0WO
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radlation, is advantageous. Hardening by radiation requires
no thermal afterburning of released solvents. Also a system
for UV hardening can be implemented in a construction
length which is substantially shorter than the length which
would be required for a circulating air oven required for

thermal drving.

Flat steel products produced according to the invention
with a metallic and an organic coating have, with reduced
coating thickness, protection of open cut surfaces which is
substantially better than that of conventionally coated
steel substrates and improved migration properties at

scratches and cut edges.

Where corresponding pre-treatment is necessary, with the
method according to the invention using pre-treatment
agents free from Cr'', the corrosion protection properties
achleved are at least as good as in products which are pre-

treated according to the prior art with agents containing

V
CrIﬂ

T'he 1nvention is now explained in more detail below with

reference to embodiment examples in the drawings. These

show:

Diag. 1 a sequence of work steps of a first variant of a
method for production of a flat steel product
coated with a corrosion protection system;

Diag. Z a sequence of work steps of a second variant of s

method for production of a flat steel product

coated with a corrosion protection system;

SI/cs 060620W0O
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Diag. 3 a graphic depiction of the distribution
determined by GDOS measurement of contents of Zn,
Mg, Al and Fe over the thickness of a first
corrosion protection coating applied to a steel

substrate;

Diag. 4 a graphic depiction of the distribution
determined by GDOS measurement of contents of Zn,
Mg, Al and Fe over the thickness of a second
corrosion protection coating applied to a steel

substrate.

Figs. 1 - 4 layer structures of flat steel products with a

Corrosion protection coating.

Two possible seqgquences within the framework of the
invention of individual work steps of the method according
to the invention are depicted graphically as examples in

diagrams 1 and Z.

In the variant shown in diagram 1, all work steps are
performed 1n a continuous passage. The steel substrate

concerned (sheet or strip steel) 1s flrst preheated, then

hot dip galvanised and, after setting the thickness of the
metallic coating produced ¢cn the substrate, rolled to form
an optimised surface structure with a low degree of
deformation. Then an organic coating system formed from a
primer and a lacquer 1s applied either directly onto the

metallic corrosion protection coating without intermediate

cleaning and preparation, or onto the metallic corrosion

protection coating only after cleaning and where applicable

pre-treatment following the rolling.

SI/cs 0€J620W0
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In the sequence shown in diagram £, the work steps "pre-

heating", "galvanising", "thickness setting"” and "rolling"

are performed 1n a continuous passage, as in the method
shown 1in diagram 1. Then the steel substrate obtained after

rolling, and coated with the corrosion protection coating,

1s first temporarily stored before - after cleaning of its
surface to be provided with the organic coating - being
coated 1in a separate coating plant with the organic coating
system formed from primer and lacquer. In order to protect
from corrosion during the waiting time the surface of the
metallic corrosion protection coating which is to be coated

organically, the metallic corrosion protection coating can

pe oi1led or "sealed" after rolling.

To test the method according to the invention, operating
tests Bl - B8 were performed in which steel strips
comprising high-grade steel were used as steel substrates.

The composition of the steel strips is given in table 1.

Table 1
C Si Mn P S Ti | A2 Fe, 1mpurities
0.0710.04}0.4010.012]0.005!10.005| 0.04 Remainder

The operating parameters set during the operating tests,
the respective melt bath composition and an analysis of the
corrosion protection layer resulting on the steel

substrate, are given in table 2.

The thickness of the surface border layer absorbing the

superficilal oxildation in the specimens tested was maximum

U.2 pm, and 1in relation to the layer profile determined by

GDOS measurement, lay in the range of up to 2.7% of the
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total layer thickness. The amount of Al enrichment at the

direct surface 1s maximum approximately 1 wt. %. This is
followed up to a thickness of at least 25% of the total
coating thickness by the intermediate layer with low Al
content of maximum 0.25 wt. %. In the border layer then the
Al content rises to 4.5% at the border to the steel
substrate. The Mg enrichment at the immediate surface of
the coating 1s clearly greater than the Al enrichment. Here
Mg proportions of up to 20% are achieved. Thereafter the Mg
proportion diminlishes over the intermediate layer and at a
depth of around 25% of the total layer thickness of the
coating amounts to 0.5 to 2%. Over the border layer there
1s also a rise in Mg content in the direction of the steel
substrate. At the border to the steel substrate the Mg

content amounts to 32.5%.

A corresponding distribution over the thickness D (surface
D = 0 um) 1s depilicted graphically as an example in diagrams
3 and 4 which show the result of a GDOS measurement of two
typical layer structures of metallic corrosion protection
coatings produced on the steel substrate according to the

invention.

Diagrams 3 and 4 show that at the surface of the coating
concerned, a surface border layer has formed with a high Al

content as a result of oxidation. The thickness of this

surface border layer 1s maximum 0.2 um and is therefore
easlly broken in spot or laser welding without a

deterioration in the quality of the welding result.

The surface border layer is followed by an intermediate

layer approximately 2.5 um thick with an Al content below
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0.2%. The thickness of the intermediate layer is therefore

around 36% of the total layer thickness of the corrosion

protection coating of 7 um.

The 1ntermediate layer transforms into a border layer
adjacent to the steel substrate in which the contents of
Al, Mg and Fe have clearly risen over the corresponding

contents of the intermediate laver.

Fig. 1 shows, not to scale, a cross-section of part of a
steel flat product produced and composed according to the
1nvention. Accordailing to this on side A lying on the outside
1n use and particularly severely exposed to corrcsive
attack, of a steel substrate S present as steel sheet,

firstly a metallic corrosion protection coating K

approximately 7.5 pm thick is applied which essentially

comprises Zn, Al, Mg and Fe.

Applied directly onto the surface of the corrosion
protection coating K, 1.e. without further pre-treatment,

1s a primer layer P. The thickness of the primer layer P

with conventional primer products is around 5 um. If so-

called "thick layer primer" is used, the thickness of the

primer layer P can be up to 20 um.

On the primer layer P a lacquer layer L is applied with a

F

thickness of approximately 20 um. In preparation for the

lacquer application and to shorten the total drying time,
the primer layer P can first be pre-treated by means of UV
radiation.

On the lacquer layer L is finally applied a cover lacquer

coating D which 1s up to 17 pm thick. The primer layer P,
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lacquer layer L and cover lacquer layer D together form an
organlc coating which, together with the metallic corrosion

protection coating K, despite the omission of pre-treatment

of the surface of corrosion protection coating K, protect

the steel substrate S particularly well against corrosion.

On the 1nside I 1in practical use, which is less severely

attacked by corrosion, of the steel substrate S jis also

first applied a metallic corrosion protection coating Ki

approximately 7.5 um thick which essentially comprises 2Zn,
Al, Mg and Fe. Directly onto the surface of the corrosion

protection coating Ki is applied a lacquer layer Li of

thickness 5 to 10 um.

'ilat steel products of the type shown in Fig. 1 are
particularly suitable for use in the field of vehicle

construction.

Fig. 2 shows, not to scale, a cross-section of part of a
second flat steel product produced and composed according
o the invention and particularly suitable also for use in
the field of vehicle construction. According to this, on
tne outslde in use, which is particularly exposed to

corrosive attack, of the steel substrate S present as steel

sheet, 1s firstly applied an approximately 5 um thick

metallic corrosion protection coating K which essentially

comprises zZn, Al, Mg and Fe.
The surface of the corrosion protection coating K in this

case has first been subjected to pre-treatment in which a

thin pre-treatment ccating V remains on the corrosion
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protection coating K. On the pre-treatment coating V 1is

applied a primer layer Pl approximately 8 um thick.

The primer layer Pl carries a layer of adhesive E
approximately 5 um thick, over which on the primer layer Pl

15 glued a laminated film F approximately 52 um thick

placed on adhesive layer E. On the outside of the laminated

film F 1s applied a further primer layer P2, which again

carries a cover lacqguer layer D approximately 20 um thick.
The cover lacquer laver D forms the cuter termination of

the organic coating system formed from the primer layer P11,

the adhesive layer E, the laminated film F, the primer

layer P2 and the cover lacqguer layer D.

On the 1nside 1n practical use, which i1s less severely

attacked by corrosion, of the steel substrate S is also

applied first a 5 um thick metallic corrosion protection
coating Ki which essentially comprises Zn, Al, Mg and Fe.
The surface of the corrosion protection coating Ki in this
case 1s first pre-treated to form a thin pre-treatment

layer Vi. Then on the pre-treatment layer V is applied a

lacquer layer Li which 1s typically 5 um thick.

Fig. 3 shows, not to scale, a cross-section of part of a
third flat steel product produced and composed according to
the i1nvention and particularly suitable for general
external construction applications. According to this, on
the outside 1n use, which 1s particularly exposed to

corrosive attack, of the steel substrate S present as a

steel sheet, 1s first applied an approximately 10 pm thick

metallic corrosion protection coating K which essentially

comprises Zzn, Al, Mg and Fe. The surface of the corrosion

SI/cs 060€20WO
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protection coating K in this case too was first subject to
pre—-treatment in which a thin pre-treatment layer V

remalned on the corrosion protection coating K.

Applied to the pre-treatment layer V is applied a primer
layer P approximately 5 um thick, which in turn carries a

20 pum thick cover lacguer layer D.

The cover lacaguer laver D itself carries on its outside a

removable protection film U which protects the flat steel

product during transport and storage.

The protective film U can however also be designed as a

permanently adhering film to improve the surface

properties.

On the inside 1in practical use, which is less severely

attacked by corrosion, of the steel substrate S is also

o )

rirst applied an approximately 10 um thick metallic

corrosion protection coating Ki which essentially comprises
srn, AL, Mg and Fe. The surface of the corrosion protection
coating Ki 1n this case too is first pre-treated to form a
thin pre-treatment layer V. Then onto the pre-treatment

layer V 1s applied a lacquer layer Li which is typically 7

to 15 um thick.

Fig. 4 shows, not toc scale, a cross-section of part of a

fourth flat steel product produced and composed according
Lo the invention and particularly suitable for domestic

appliance construction. According to this, on the outside
1ln use which 1s heavily exposed to corrosive attack, of a

steel substrate S present as a steel sheet, is first
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applied an approximately 4 to 5 um thick metallic corrosion
protection coating K which essentially comprises Zn, Al, Mg

ana Fe.

Directly onto the surface of the corrosion protection

coating K, 1.e. without further pre-treatment, is applied a

primer layer P approximately 8 um thick. The primer used

¥

here 1s a so-called "structure primer" which forms a

structured surface with protrusions and recesses.

On the primer layer P 1s then applied a lacquer layer L

with a thickness of approximately 20 um.

Where applicable, onto the lacguer layer can also be
applilied, for example, a permanently adhering protective
layer which serves, inter alia, tc improve the surface

properties.

On the 1nside of the steel substrate S which is less

severely attacked by corrosion, is also first applied an

approximately 4 to 5 pm thick metallic corrosion protection

coating Ki which essentially comprises Zn, Al, Mg and Fe.
Directly onto the surface of the corrosion protection

coating Ki 1s applied a lacquer layer Li with a thickness

of 7 to 10 um.
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_22_
1o May 2007
CLAIMS
1. Method for production of a flat steel product coated with

a corrosion protection system in which a zinc-based

coating is applied to a steel substrate such as a steel

strip or sheet by means of hot dip coating, and in which

an organic coating 1s applied to the zinc-based coating,

comprising the following steps:

preheating the steel substrate in a preheating oven
to a strip temperature of 720 to 850°C under inert

gas atmosphere;

cooling the steel substrate to a strip inlet

temperature of 400 - 600°C;

hot dip coating of the steel substrate under air
exclusion in a zinc bath which contains, as well as
zlnc and unavoidable impurities, (in wt. %) 0.15 -
5% Al, 0.2 - 3% Mg and optionally in total up to

0.8% of one or more elements of the group Pb, Bi,

cd, Ti, B, S1, Cu, Ni, Co, Cr, Mn, Sn and rare
earths, and with a bath temperature of 420 - 500°C,
wherein the difference between strip immersion

temperature and bath temperature varies in the range

from -20°C to +100°C so that on the steel substrate
a metallic corrosion protection coating is formed
which (in wt. %) contains 0.25 to 2.5% Mg, 0.2 to

3.0%5 Al, s 4.0% Fe and optionally in total up to

0.8% of one or more elements of the group Pb, Bi,
cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and rare
carths, remainder zinc and unavoidable impurities
and whilch has an Al content of maximum 0.5 wt. % in

an lntermediate layer extending between a surface
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layer directly adjacent to the surface of the flat
steel product and a border laver adjacent to the
steel substrate and with a thickness amounting to at
least 20% of the total thickness of the corrosion

protection coating;

— adjusting the thickness of the metallic corrosion

protection coating applied to the steel substrate in
the melt bath to values of 3 - 20 um per side by
scraping away excess coating material;

— Cco0oling the steel substrate with the metallic

corrosion protection coating; and

— applying the organic coating to the metallic

corrosion protection coating of the steel substrate.

Method according to Claim 1, characterised in that the

work steps can be performed in contlnuous passage.

Method according to Claim 2, characterised in that the

speed with which the steel substrate passes through the

work steps 1s 1in the range of 60 - 150 m/min.

Method according to any one of the preceding claims,

characterised in that the difference between the strip

immersion temperature and the bath temperature varies in

the range from -10°C to +70°C.

Method according teo any one of the preceding claims,
characterised 1n that the Al content of the zinc bath 1is

0.15 to 0.4 wt. %.

Methed according to any one of the preceding claims,

characterised 1n that the Mg content of the zinc bath 1is

0.2 to 2.0 wt. %.
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Method according to any one of the preceding claims,

characterised 1n that the Mg content of the zinc bath is

0.5 to 1.5 wt. %.

Method according to any one of the preceding claims,
characterised in that the scraping of the excess coating
material to produce the thickness of the Zn-Mg-Al coating

takes place by means of gas jets.

Method according to Claim 8, characterised in that the

gas used for the gas jets 1is nitrogen.

Method according to any one of the preceding claims,

characterised 1n that the steel substrate with the Zn-Mg-

Al coating 1s subjected to temper rolling.

Method according to any one of the preceding claims,
characterised 1n that the thickness of the Zn-Mg-Al
coating 1s set to 4 - 12 um, corresponding to a cocating

mass of 30 - 85 g/m° per side.

Method according to any one of Claims 1 to 11,
characterised 1n that the organic coating is applied
directly to the surface of the Zn-Mg-Al coating which was

previously neither cleaned nor pre-treated and which 1s

applied to the steel substrate.

Method according to any one of Claims 1 to 11,
characterised in that the surface of the Zn-Mg-Al coating

applied to the steel substrate is cleaned before

application of the organic coating.

Method according to any one of Claims 1 to 11 or 13,

characterised 1n that before application of the organic

Si/cs 060620W0
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coating, a chemical pre-treatment is performed on the

surface of the Zn-Mg-A1 coating applied to the surface of

Che steel substrate, with a pre-treatment agent free from

A4
Cr’l.

Method according to Claim 14, characterised in that the

pre-treatment agent 1s free from Cr.

Method according to any one of the preceding claims,
characterised in that the organic coating is hardened by

means of UV radiation.
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