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(54) Title: SHEET STEEL PRODUCT PROVIDED WITH AN ANTICORROSION COATING AND PROCESS FOR PRODUC­
ING IT

(54) Bezeichnung: MIT EINEM KORROSIONSSCHUTZljBERZUG VERSEHENES STAHLFLACHPRODUKT UND VER­
FAHREN ZU SEINER HERSTELLUNG

(57) Abstract: The present invention relates to a sheet steel product and a process for producing it, which is formed by a steel 
substrate such as a steel strip or sheet and a zinc-based anticorrosion coating containing (in % by weight) Mg: 0.25-2.5%, Al: 0.2­
3.0%, Fe < 4.0% and, if desired, a total of up to 0.8% of one or more elements from the group consisting of “Pb, Bi, Cd, Ti, B, Si, 
Cu, Ni, Co, Cr, Mn, Sn and rare earths”, balance zinc and unavoidable impurities applied to at least one side of the steel substrate, 
with the anticorrosion coating having, in an intermediate layer which extends between a surface layer directly adjoining the surface 
of the sheet steel product and a boundary layer adjoining the steel substrate and whose thickness is at least 20% of the total thickness 
of the anticorrosion coating, an Al content of not more than 0.5% by weight. The sheet steel product of the invention has an optimal 
combination of high corrosion resistance and optimized weldability and is particularly suitable for use as material for automobile 
body construction, for general building purposes or for construction of household appliances.

(57) Zusammenfassung: Die vorliegende Erfmdung betrifft ein Stahlflachprodukt und ein Verfahren zu dessen Herstellung, das 
aus einem Stahlsubstrat, wie einem Stahlband oder -blech, und einem mindestens auf eine Seite des Stahlsubstrat aufgetragenen 
zinkbasierten Korrosionsschutzuberzug gebildet ist, der in (in Gew.-%) Mg: 0,25 - 2,5 %, Al: 0,2 - 3,0 %, Fe < 4,0 %, sowie wahl- 
weise in Summe bis zu 0,8 % an einem oder mehreren Elementen aus der Gruppe "Pb, Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn 
sowie Seltene Erden", Rest Zink und unvermeidbare Verunreinigungen enthalt, wobei der Korrosionsschutzuberzug in einer Zwi- 
schenschicht, die sich zwischen einer unmittelbar an die Oberflache des Stahlflachprodukts angrenzenden Oberflachenschicht und 
einer an das Stahlsubstrat angrenzenden Grenzschicht erstreckt und deren Dicke mindestens 20 % der Gesamtdicke des Korrosi- 
onsschichtiiberzugs betragt, einen Al-Gehalt von hochstens 0,5 Gew.-% aufweist. Das erfmdungsgemaBe Stahlflachprodukt besitzt 
eine optimale Kombination von hoher Korrosionsbestandigkeit und optimierter SchweiBbarkeit und eignet sich insbesondere fur die 
Verwendung als Werkstoff fur den Automobilkarosseriebau, fur allgemeine Bauzwecke oder fur den Hausgeratebau.
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FLAT STEEL PRODUCT WITH A CORROSION PROTECTION COATING AND
METHOD FOR ITS PRODUCTION

The invention concerns a flat steel product which is formed 
from a steel substrate, such as strip or sheet steel, and a 
zinc-based corrosion protection coating applied to at least 
one side of the steel substrate. In addition the invention 
concerns a method with which such flat steel products can 
be produced.

To improve the corrosion resistance, metal coatings are 
applied to sheet or strip steel which in most applications 
are based on zinc or zinc alloys. Such zinc or zinc alloy 
coatings, because of their barrier and cathodic protective 
effect, provide good corrosion protection in practical use 
for the correspondingly coated sheet steel.

The thickness of the coating required for adequate
corrosion resistance in the prior art however causes 
problems in processing i.e. when forming and welding. This 
applies for example when in practical use flanges subject 
to high corrosion load are to be spot-welded. This 
requirement exists in particular in the field of car body 
construction, in general building applications or in the 
construction of housings for domestic appliances. The 
connection produced by such welding, for an adequate 
welding current, must have a minimum spot diameter of 4 x 
4t (t = individual sheet thickness) and be able to be 
welded without spatter.
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In the context of the problems in processing conventional 
sheets coated with a relatively thick Zn layer, highly 
corrosion-resistant Zn-Mg or Zn-Mg-Al layer systems have- 
been developed which, with a greatly reduced layer 
thickness, offer corrosion protection comparable to that of 
a conventional 7.5 pm thick zinc coating but are 
significantly easier to process.

One possibility for producing such hot galvanised sheet 
steel with increased corrosion resistance and 
simultaneously reduced coating mass is described in 
EP 0 038 904 BI. According to this prior art, a zinc 
coating containing 0.2 wt. % Al and 0.5 wt. % Mg is applied 
to a steel substrate by hot dip coating. Although the metal 
coated in this way has improved resistance to rust 
formation, in practice it does not fulfil the requirements 
imposed today for corrosion resistance of such panels, in 
particular in the area of connecting flanges of a car body.

A further sheet provided with a metallic protective coating 
with increased corrosion resistance is known from 
EP 1 621 645 Al. The sheet steel described there is coated, 
by conventional hot galvanising, with a protective coating 
which contains (in wt.%) 0.3 to 2.3% Mg, 0.6 to 2.3% Al, 
optionally < 0.2% other active constituents and the 
remainder zinc and unavoidable impurities. Due to the high 
proportion of Al and Mg, such metal has particularly good 
resistance to corrosion. Practical tests however have shown 
that even the panels produced according to EP 1 621 645 Al 
do not fulfil the requirements imposed by the processing 
industry for the weldability of such panels. It is also 
shown that the panels concerned have a phosphatisation
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capacity which is inadequate according to present standards.

It would therefore be desirable to create a sheet steel product 

which has an optimum combination of high corrosion resistance and

5 optimised processability and which is suitable in particular for use 

as a material for car body construction, for general building 

purposes or for domestic appliance construction. Also a method is 

specified for production of such a flat product.

10 According to the invention there is provided a flat steel product 

which is formed from a steel substrate, such as strip or sheet 

steel, and a zinc-based corrosion protection coating applied to at 

least one side of the steel substrate, wherein the corrosion 

protection coating contains in (wt.%)

15 Mg: 0.25 to 2.5%

Al: 0.2 to 3.0%

Fe: > 0.3 to 4.0%

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

from the group Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and 

20 rare earths, remainder zinc and unavoidable impurities, and

wherein the corrosion protection coating has an intermediate 

layer extending between a surface layer directly adjacent to the 

surface of the flat steel product and a border layer adjacent to the 

steel substrate, said intermediate layer having an Al content of

25 maximum 0.5 wt.% and a thickness amounting to at least 20% of the 

total thickness of the corrosion protection coating.

Further according to the invention there is provided a method for 

production of a flat steel product in which on a steel substrate,

30 such as strip or sheet steel, a corrosion protection coating is

produced, wherein the steel substrate is annealed and, starting from



C:\NRPortbl\DCC\TXB\4252083_l.DOC - 5/4/12
20

07
25

15
50

 
10

 A
pr

 2
01

2

- 4 -

the annealing temperature, cooled to a strip immersion temperature 

of 400 to 600°C at which the steel substrate enters a melt bath 

containing (in wt.%) 0.1 to 0.4% Al, 0.25 to 2.5% Mg, up to 0.2% Fe, 

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

5 group Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and rare earths, 

remainder zinc and unavoidable impurities and heated to a bath 

temperature of 420 to 500°C, where the difference between the strip 

immersion temperature and the bath temperature varies in the range 

from -20°C to + 100°C so that on the steel substrate a corrosion

10 protection coating is formed which contains (in wt.%)

Mg: 0.25 to 2.5%

Al: 0.2 to 3.0%

Fe: >0.3 to 4.0%

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

15 the group Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and rare

earths, remainder zinc and unavoidable impurities, 

and which has an intermediate layer extending between a

surface layer directly adjacent to the surface of the flat steel 

product and a border layer adjacent to the steel substrate, said

20 intermediate layer having an Al content of maximum 0.5 wt.% and a 

thickness amounting to at least 20% of the total thickness of the 

corrosion protection coating.

The invention is based on the knowledge that general properties,

25 such as e.g. adhesion and weldability of a steel sheet or strip with

a Zn-Mg-Al coating as protection against corrosion, depend 

decisively on the distribution of the aluminium in the coating 

layer. It has been found surprisingly that if, as specified by the 

invention, low Al contents are present in an intermediate layer,

30 close to the surface, of sufficient thickness according to the 

invention, the weldability improves in comparison with
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conventionally formed sheets even though the Al content of the 

coating as a whole is at a level which guarantees a high corrosion 

protection. The sheets formed correspondingly according to the 

invention with a high Al concentration in the area of the border

5 layer at the transition to the steel substrate, retain the positive 

effect of the aluminium on the corrosion protection despite the low 

proportion of Al in the intermediate layer.

Flat steel products formed according to the invention also, as a

10 result of the low content of Al on their surface and in the

intermediate layer, are particularly suitable for phosphatising so 

that for example they can be given an organic paint coating without 

special additional measures. Elements from the group Bi, Cd, Ti, B, 

Si, Cu, Ni, Co, Cr, Mn, Sn and rare earths can be present up to a

15 total of their contents of 0.8 wt.% in the coating according to the 

invention. Bi and Cd can serve to form a larger crystal structure 

(flowers of zinc), Ti, B, Si to improve formability, Cu, Ni, Co, Cr, 

Mn to influence the border layer reactions, Sn to influence the 

surface oxidation and rare earths, in particular lanthanum and

20 cerium, to improve the flow behaviour of the melt. The impurities 

which may be present in a corrosion protection coating according to 

the invention include the constituents which, as a result of the hot 

dip coating, transfer from the steel substrate to the coating in 

quantities which do not affect the properties of the coating.

25

It has been shown that with the relatively low Al content of a melt 

bath used for performance of the method according to the invention, 

by suitable setting of the strip immersion and/or bath temperature, 

even the nature of the layer structure desired according to the

30 invention can be directly influenced. The method according to the 

invention achieves that high Al and Mg contents are enriched in the
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border layer adjacent to the steel substrate, whereas in the 

intermediate layer in particular low Al contents are present. The 

difference between the strip temperature on immersion and the 

temperature of the melt bath is particularly significant. As this

5 difference varies in the range from -20°C to 100°C, preferably -10°C 

to 70°C, the presence of Al minimised according to the invention in 

the intermediate layer can be set securely and in a targeted manner.

Particularly favourable welding properties occur when the aluminium 

10 content of the intermediate layer is reduced as far as possible.

Therefore an advantageous embodiment of the invention allows for the 

Al content of the intermediate layer to be no more than 0.25 wt.%.

In addition the layer structure used by the invention has a 

15 particularly positive effect on the weldability and phosphatising

capacity, while still retaining the good corrosion protection effect 

of the coating, when the thickness of the intermediate layer 

according to the invention amounts to at least 25% of the total 

thickness of the corrosion protection coating. The figures given

20 here and in the claims for the structure of the corrosion protection 

coating and its individual layers relate to a layer profile 

determined by means of a GDOS measurement (glow discharge optical 

emission spectrometry). The GDOS measurement method described for 

example in the VDI Glossary of Materials Technology, published by

25 Hubert Grafen, VDI Verlag GmbH, Diisseldorf 1993 is a standard

method for fast detection of a concentration profile of coatings.

With the flat steel profiles produced according to the invention, 

such a GDOS measurement shows that in the surface layer immediately

30 adjacent to the surface of the coating, as a result of oxidation due 

to production, inevitably an increased Al content is produced. As
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the thickness of this surface layer is however very low compared 

with the total thickness of the coating, on welding of a flat steel 

product according to the invention the surface layer is easily 

punctured and only insignificantly influences the welding result.

5 In order to exclude any possible negative effect of the surface 

coating with high Al content, the thickness of the surface coating 

should be restricted to less than 10%, preferably less than 1% of 

the total thickness of the corrosion protection coating. Practical 

tests have confirmed that with flat steel products produced

10 according to the invention, the surface layer is maximum 0.2 gm 

thick so that with conventional coating thicknesses of 6 gm and 

more, the proportion of surface border layer in the total thickness 

of the coating structure is around 3.5% or considerably less.

15 With flat steel products according to the invention the coating

preferably has Fe contents which amount to more than 0.4 wt.%, and 

more preferably more than 0.5 wt.%. The relatively high Fe contents 

are present in particular in the area of the border layer adjacent 

to the steel substrate. Here preferably an alloy is formed which

20 guarantees an optimised adhesion of the coating to the steel

substrate. In this way a flat steel product produced according to 

the invention has usage properties which are superior to those of 

conventional flat steel products if the protective coating has high 

Mg and Al contents.

25

In order, in addition to the layer structure according to the 

invention of the corrosion protection coating, to optimise further 

the weldability and phosphatisation capacity of a flat steel product 

according to the invention, the Al content of the corrosion

30 protection coating can be restricted to less than 0.6 wt.%, 

preferably less than 0.5 wt.%.
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To secure its effect, the total thickness of the corrosion 

protection coating should be at least 2.5pm, preferably at least 

5pm, more preferably at least 7pm. A coating mass distribution of

5 the corrosion protection coating of at least 17.5 g/m2 is preferred. 

A coating mass distribution of at least 100g/m2 has proved 

particularly favourable with regard to protective effect. Despite 

higher coating masses and thickness of the corrosion protection 

coating, because of the distribution of the Al content specified

10 according to the invention, the weldability is not adversely 

affected.

Particularly good product results are achieved if the bath 

temperature of the melt bath is 440 to 480°C.

15

Surprisingly it has been found that the speed with which the steel 

substrate passes through the melt bath only has a secondary 

influence on the coating result. Therefore for example this can be 

varied within the range from 50 to 200 m/min in order to achieve the

20 optimum working result with maximum productivity.

The annealing of the steel strip prior to the melt bath should be 

carried out under an inert gas atmosphere in order to avoid 

oxidation of the metal surface. The inert gas atmosphere in the

25 known manner can contain more than 3.5 vol. % H2 and the remainder N2. 

The annealing temperature can also lie in the range from 700 to 

900°C in the known manner.

The deviation, in the range from -20°C to +100°C, of the bath inlet

30 temperature of the steel substrate from the temperature of the melt 

bath ensures that the melt bath retains its optimum temperature



C:\NRPonbl\DCC\TXB\4252083 1 DOC ■ 5/4/12
20

07
25

15
50

 
10

 A
pr

 2
01

2

- 9 -

evenly despite the introduction of the steel substrate. The 

preferred temperature difference range is from -10°C to +70°C. The 

preferred strip immersion or bath inlet temperature is 410°C to 

510°C.

5

The melt bath itself preferably in any case contains only traces of 

iron since, according to the invention, the Fe content of the 

corrosion protection coating is to be set by the inclusion of iron 

from the steel substrate. Consequently the Fe content of the melt

10 bath is preferably restricted to maximum 0.1 wt.%, in particular 

maximum 0.07 wt.%.

The good processability, the simultaneously good corrosion 

protection and good phosphatisation capacity exist irrespective of

15 the nature and composition of the steel substrate. Practical tests 

have shown that there are no substantial differences in the 

properties of the flat steel products produced according to the 

invention if the substrate comprises an IF steel, for example a 

conventional micro-alloy steel, or a normal alloy steel such as a

20 conventional high-grade steel.

The invention is now described below with reference to embodiment 

examples and reference examples. These show:

25 Diag. 1 The graphic depiction of the distribution obtained by 

GDOS measurement of the contents of Zn, Mg, Al and Fe 

over the thickness of a first
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corrosion protection coating applied to a steel 
substrate.

Diag. 2 The graphic depiction of the distribution
obtained by GDOS measurement of the contents of 
Zn, Mg, Al and Fe over the thickness of a second 
corrosion protection coating applied to a steel 
substrate.

To produce specimens structured according to the invention, 
which can be easily spot welded and phosphatised, of flat 
steel products with high corrosion resistance, a steel 
strip serving as a steel substrate is annealed under a 
nitrogen atmosphere containing 5% H2 with dew point -30°C ± 
2°C for a holding time of 60 s in each case. The annealing 
temperature was 800°C with a heating rate of 10°C/s.

After annealing, the steel strip was rapidly cooled with a 
cooling rate of 5 to 30°C/s to a temperature of 470°C ± 5°C 
at which it was held for 30 s. The steel strip was then 
introduced at a strip immersion speed of 100 m/min into a 
melt bath with bath temperature 460°C ± 5°C. The bath inlet 
temperature of the steel strip was 5°C above the bath 
temperature of the melt bath.

The respective composition of the melt bath and the 
analyses of the specimens, passing through the hot 
galvanising in the melt bath on the upper and lower sides 
of the corrosion protection coating, are shown in Table 1 
for twelve specimens El to E12 coated in the manner 
described above, where determined. It is found that the 
coatings formed on the steel substrate have high
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proportions of Fe. The alloying with Fe which occurs during 
production of the coating ensures a particularly high 
adhesion capacity of the coating to the steel substrate.

In addition, analyses of the distribution of the contents 
of Zn, Al, Mg and Fe over the thickness of the corrosion 
protection coating formed in each case on the steel 
substrate have shown that the Al content of the coating is 
in each case less than 0.2% in an intermediate layer close 
to the surface, the thickness of which amounts to more than 
25% of the layer thickness (total thickness) of the coating 
in each case. The corresponding distribution over the 
thickness D (surface D = 0 pm) is shown graphically for 
specimens El and E2 in diagrams 1 and 2.

The diagrams show that, at the surface of the coating 
concerned, a surface border layer has formed with an Al 
content which is high as a result of oxidation. The 
thickness of this surface border layer is however maximum 
0.2 pm and it is therefore easily punctured on spot or 
laser welding with no deterioration in the quality of the 
welding result.

Next to the surface border layer is an intermediate layer 
approximately 2.5 pm thick, the Al content of which is less 
than 0.2%. The thickness of the intermediate layer is 
therefore around 36% of the total layer thickness of the 
respective corrosion protection coating of 7 pm.

The intermediate layer transforms into a border layer next 
to the steel substrate in which the content of Al, Mg and
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Fe is substantially higher in relation to the corresponding contents 

of the intermediate layer.

In order to check the dependency of the layer structure and the

5 composition of a corrosion coating generated on the steel substrate 

processed in each case and on the bath inlet and outlet temperature, 

based on a conventional micro-alloy steel IF and an equally 

conventional high-grade steel QS, further specimens E13 to E22 were 

produced with a corrosion protection coating in a laboratory test.

10 The composition of steels IF and QS is given in Table 3.

The operating parameters set in the laboratory tests and an analysis 

of the coating layer generated accordingly are shown in Table 2. It 

is found that the result of the coating, in particular with regard

15 to the inclusion of high Fe contents arising from the steel

substrate and the formation of the intermediate layer close to the 

surface with an Al content of less than 0.25% wt.%, is independent 

of the composition of the steel substrate.

20 In total, tests performed on specimens El to E22 have confirmed that 

with the corrosion protection coating generated, in the surface 

border layer immediately adjacent to the surface of the coating, the 

elements Mg and Al are present in enriched form as oxides. In 

addition, Zn oxide is present at the surface.

25

In addition, operating tests BI to B19 have been performed in which 

the steel substrate was steel strips comprising high-grade steel QS. 

The operating parameters set, the respective melt bath composition 

and an analysis of the corrosion protection layer obtained on the

30 steel substrate in each case, are given in Table 4.

The operating tests confirmed in full the result of the preceding 

laboratory tests. The thickness of the surface border layer 

absorbing the superficial oxidation in the specimens studied amounts
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to maximum 0.2 gm and in relation to the layer profile determined by 

GDOS measurement lies in the range of up to 2.7% of the total layer 

thickness. The amount of Al enrichment at the immediate surface is 

maximum approximately 1 wt.%. This is followed, up to a thickness

5 of at least 25% of the total thickness of the coating, by the

intermediate layer with a 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 is clearly greater than the Al enrichment. Here, Mg

10 proportions of up to 20% are achieved. 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 is a rise in the Mg content 

in the direction of the steel substrate. At the border to the steel

15 substrate the Mg coating amounts to 3.5%.

The reference in this specification to any prior publication (or 

information derived from it), or to any matter which is known, is 

not, and should not be taken as an acknowledgment or admission or

20 any form of suggestion that that prior publication (or information 

derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification 

relates .
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CLAIMS

1. Flat steel product which is formed from a steel substrate, 

such as strip or sheet steel, and a zinc-based corrosion 

protection coating applied to at least one side of the steel 

substrate, wherein the corrosion protection coating contains in 

(wt. %)

Mg : 0.25 to 2.5%

Al: 0.2 to 3.0%

Fe: > 0.3 to 4.0%

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

from the group Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and

rare earths, remainder zinc and unavoidable impurities, and 

wherein the corrosion protection coating has an intermediate

layer extending between a surface layer directly adjacent to the 

surface of the flat steel product and a border layer adjacent to 

the steel substrate, said intermediate layer having an Al content 

of maximum 0.5 wt.% and a thickness amounting to at least 20% of 

the total thickness of the corrosion protection coating.

2. Flat steel product according to claim 1, characterised in 

that the Al content of the intermediate layer is no more than 0.25 

wt.%.

3 . Flat steel product according to any one of the preceding 

claims, characterised in that the thickness of the intermediate 

layer is at least 25% of the total thickness of the corrosion 

protection coating.

4 . Flat steel product according to any one of the preceding 

claims, characterised in that the thickness of the surface layer 

amounts to less than 10% of the total thickness of the corrosion 

protection coating.
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5. Flat steel product according to claim 4, characterised in 

that the thickness of the surface layer is less than 1% of the 

total thickness of the corrosion protection coating.

6. Flat steel product according to any one of the preceding 

claims, characterised in that the Fe content of the corrosion 

protection coating amounts to more than 0.5 wt.%.

7. Flat steel product according to any one of the preceding 

claims, characterised in that the Al content of the corrosion 

protection coating is less than 0.6 wt.%.

8. Flat steel product according to claim 7, characterised in 

that the Al content of the corrosion protection coating is less 

than 0.5 wt.%.

9. Flat steel product according to any one of the preceding 

claims, characterised in that the total thickness of the corrosion 

protection coating is at least 2.5 μιη.

10. Flat steel product according to claim 9, characterised in 

that the total thickness of the corrosion protection coating is at 

least 5 μπι.

11. Flat steel product according to any one of the preceding 

claims, characterised in that the coating mass distribution of the 

corrosion protection coating is at least 17.5 g/m2.

12. Flat steel product according to claim 1 and substantially as 

herein described.
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13. Method for production of a flat steel product in which on a 

steel substrate, such as strip or sheet steel, a corrosion 

protection coating is produced, wherein the steel substrate is 

annealed and, starting from the annealing temperature, cooled to a 

strip immersion temperature of 400 to 600°C at which the steel 

substrate enters a melt bath containing (in wt.%) 0.1 to 0.4% Al, 

0.25 to 2.5% Mg, up to 0.2% Fe, and optionally in total up to 0.8% 

of one or more elements of the group Bi, Cd, Ti, B, Si, Cu, Ni,

Co, Cr, Mn, Sn and rare earths, remainder zinc and unavoidable 

impurities and heated to a bath temperature of 420 to 500°C, where 

the difference between the strip immersion temperature and the 

bath temperature varies in the range from -20°C to +100°C so that 

on the steel substrate a corrosion protection coating is formed 

which contains (in wt.%)

Mg: 0.25 to 2.5%

Al: 0.2 to 3.0%

Fe: >0.3 to 4.0%

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

the group Bi, Cd, Ti, B, Si, Cu, Ni, Co, Cr, Mn, Sn and rare 

earths, remainder zinc and unavoidable impurities,

and which has an intermediate layer extending between a 

surface layer directly adjacent to the surface of the flat steel 

product and a border layer adjacent to the steel substrate, said 

intermediate layer having an Al content of maximum 0.5 wt.% and a 

thickness amounting to at least 20% of the total thickness of the 

corrosion protection coating.

14. Method according to claim 13, characterised in that the bath 

temperature is 440 to 480°C.

15. Method according to either of claims 13 and 14, characterised 

in that the difference between the strip immersion temperature and 

the bath temperature varies in the range from -10°C to +70°C.
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16. Method according to any one of claims 13 to 15, characterised 

in that the strip immersion temperature is 410 to 510°C.

17. Method according to any one of claims 13 to 16, characterised 

in that the Fe content of the melt bath is < 0.1 wt.%.

18. Method according to claim 13 and substantially as herein 

described.
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