
0 047 987                        2 Description
above-mentioned defects on and/or in the lacquer coating were created
significantly when the Field of the invention
cationic electrodeposition procedure was applied The present invention
relates to the use of a two   to zinc- or zinc-based alloy-plated steel
materials. layer-coated steel material, comprising a steel  5
Accordingly, it is strongly desired to provide a substrate and a two
layer-coating composed of (1)    new type of zinc- or zinc-based
alloy-plate steel base coating layer formed on a surface of said
material which does not cause the undesirable steel substrate and
comprising zinc or a zinc-       protuberances and/or pin holes to be
formed on based alloy and (2) a surface coating layer formed   or in the
lacquer coating even when the cationic on said base coating layer and
comprising an    10   electrodeposition procedure is applied thereto.
iron-zinc alloy having a content of zinc of 40% by     Further, it is known
that in order to increase the weight or less, for cationic
electrodeposition       rust-preventing effect of the lacquer coating, it
is lacquer coating, to a cationic electrodeposition     necessary to
enhance the bonding property of the lacquer-coated steel material, and to a
process for  lacquer coating to the surface of the steel material cationic
electrodeposition lacquer coating.     is  in a corrosive environment. This
necessity is attained by applying a phosphate treatment to the Background
of the invention                          surface of the steel material. It
is known that a plated zinc or zinc-based alloy   For example, in the
lacquer coating of a car layer on a steel substrate exhibits an excellent
body, the cationic electrodeposition coating galvanic protecting activity
for the steel substrate.   20    method is widely distributed as stated
above. This Also, it is known that the plated zinc or zinc-based  is due to
the fact that when the lacquer coating alloy layer is effective for forming
a passive state  formed by the cationic electrodeposition method film on a
surface of the plated zinc layer in a      is placed in a corrosive
environment, and a local corrosive environment so as to protect the steel
cell is formed on the coating film, the coating film material from
corrosion. Therefore, the zinc- or    25   in the cathode portion of the
resultant local cell zinc-based alloy-plated steel materials are widely
exhibits an excellent resistance to creep. How- useful as
corrosion-resistant materials in the field  ever, the conventional zinc
phosphate treatment of motor vehicles, home electrical appliances and    is
not adequate for forming a base coating film for building and construction
materials.                 the lacquer coating layer formed by the cationic
In recent years, especially, in the fie d of the    30    electrodeposition
method. When the conven- motor vehicle industry, a cationic electro-
tional zinc phosphate treatment is applied onto deposition method became
widely utilized for the     the steel material, the resultant phosphate
coat- primer coating process of steel materials. How-      ing film mainly
comprises a hopeite type zinc ever, in this process, it was found that the
cationic  phosphate [ERR] in the form  of electrodeposition method applied
to the conven-   35    needle-like crystals. This type of coating film is
tional zinc- or zinc-based alloy-piated steel        easy soluble in an
alkaline environment. There- material caused the following disadvantages.
fore, when placed in an alkaline environment, the That is, the cationic
electrodeposition procedure    hopeite coating film in the cathode portion
under results in formation of undesirable protuberances    the lacquer
coating layer is dissolved so that the having a size of about 0.3 to about
2 mm or pin   40    bond of the lacquer coating layer to the surface of
holes in the resultant coating layer. The pro-       the steel substrate is
deteriorated. That is, even tuberances and pin holes serve as starting
points    when the cationic electrodeposition lacquer coat- of locally
rusting the steel substrate and result in  ing film, which is highly
resistant to corrosion, is defects in appearance which cannot be removed
formed on the surface of the steel material by means of upper-coating. This
phenomenon    45   through the zinc phosphate coating film, which is will
be explained in detail hereinafter by referring  effective for protecting
the steel material surface to Fig. 1 of the accompanying drawing.
from  rust, the resultant lacquer coated steel, According to the results of
research conducted     material exhibits a poor resistance to rusting by
the inventors of the present invention, it was    under the alkaline
environment, because of a found that the protuberances each contain therein
so    poor bonding of the lacquer coating to the steel pores. It was
assumed that the pores were formed     material through the zinc phosphate
coating. by hydrogen gas which was generated in the form       In recent
years, a zinc-iron phosphate treatment of  bubbles  during  the
electrodeposition          has been developed as a base coating method for
procedure. That is, in the electrodeposition         steel material. In the
zinc-iron phosphate treat- procedure, cationic lacquer particles deposit on
55    ment, the resultant coating film mainly comprises the surface of the
steel material and also, water    a phosphophyllite type zinc iron
phosphate which is used as a medium, is electrolyzed to        [ERR] in the
form  of granular generate hydrogen gas bubbles. Sometimes, the
crystals. This type of coating film  is highly hydrogen gas bubbles are
generated below the         resistive to an alkaline environment.
Accordingly, lacquer coating layer so as to form the pro-   60   the
zinc-iron phosphate treatment is adequate tuberances and/or pin holes on
and/or in the         and indispensable as a pretreatment for forming a
lacquer coating layer. The inventors of the          base coating layer on
which the cationic electro- present invention studied the adaptability of
deposition lacquer coating layer is formed. 



various types of metals and alloys to the cationic     However, it should
be noted that when the electrodeposition method and found that the   65
zinc-iron phosphate treatment is applied onto a 2    3                   0
047 987                       4 zinc-plated surface of the steel material,
no phos-  alloy layer, and also the relationship between the phdphyllite is
formed and only hopeite is formed     content of zinc in the iron-zinc
alloy coating layer on the zinc plated surface.
and the size of phosphate crystal grains. Therefore, even when the cationic
electro- deposition lacquer coating film which is highly  5    Detailed
description of the invention resistant to corrosion is formed on the
zinc-plated   In order to investigate an adaptability of an steel material
surface which is also resistive to    iron-zinc alloy coating layer to the
cationic corrosion, after the zinc-iron phosphate treatment
electrodeposition  lacquer  coating  method, is applied to the zinc-plate
steel material, the     various types of iron-zinc alloy coating layers
resultant lacquer coated steel material exhibits an    10   were formed on
a steel strip surface and, then, the unsatisfactory resistance to rusting,
due to the     cationic  electrodeposition  lacquer  coating poor bonding
of the lacquer coating film to the      procedure was applied onto the
iron-zinc alloy zinc-plated surface of the steel material under the
coating layer. The number of defects formed on alkaline environment. This
phenomenon will be        and/or in the resultant lacquer layer was
counted. explained in detail by referring to Fig. 2 of the    15  The
content of zinc in the iron-zinc alloy was accompanying drawing
hereinafter.                    varied from 0 to 100%. The cationic
electro- From FR-A-2 442 282 is known a process for         deposition
lacquer coating procedure was carried the electrolytic galvanising of steel
comprising     out at a voltage of 280 V, at a temperature of the firstly
depositing a layer of zinc or zinc alloy on  electrodeposition liquid of
[ERR] for 2 minutes, so the steel and then depositing a layer of an    20
as to coat 90 cm2 of the surface of the steel strip, iron-zinc alloy
containing up to 60% per weight of   at a ratio of the coated area of the
steel strip to the iron. The weight of the first layer is from 5 to 120
area of the electrode of 1110. The relationship [ERR]. The weight of the
second layer is from 0.2 to  between the content of zinc in the iron-zinc
alloy 10 [ERR].                                             coating layer
and the number of defects formed According to the comparitative examples
the   25    on and/or in the lacquer coating layer is indicated first layer
comprises Zn, Co and Cr or Zn and has a  in Fig. 1. Fig. 1 clearly shows
that when the weight of 38 g/m2; and the second layer com-         content
of zinc in the iron-zinc alloy coating layer prises Zn and 80% Fe. The
weight of the second       exceeds 40%  by weight, the number of the layer
is either 2 or 8 [ERR]. FR-A-2 442 282          defects significantly
increase. However, in the discloses only  an  anionic electrodeposition
30    case where the content of zinc in the iron-zinc lacquer coating.
Further it is shown that when the   alloy coating layer is 40% by weight or
less, the content of iron in the zinc-iron alloy coating layer  number of
defects of the lacquer layer is in the is 80%, the resultant two layer
coated steel strip  level similar to the standard level of an ordinary
exhibits a poor bare corrosion resistance and a      cold rolled steel
strip which is indicated by a poor post-coating corrosion resistance.
35    hatched area in Fig. 1. An object of the invention is to provide for
the     Also, it was discovered by the inventors of the use of a highly
adequate two layer-coated steel      present invention that as long as the
content of material in a coating process comprising an          zinc is 40%
by weight or less even when the alloy optional zinc-iron phosphate
treatment and a         contains a small amount of other metal or metals
cationic  electrodeposition  lacquer  coating   40   in addition to iron
and zinc, the number of defects procedure, a process for producing the same
and      in and/or on the lacquer coating layer is as small a cationic
electrodeposition lacquer-coated steel    as that on an ordinary cold
rolled steel strip. material; as set out in the appended claims.
Accordingly, it is evident that the surface coat- ing layer comprising an
iron-zinc alloy containing Brief description of the drawings             45
40% by weight or less of zinc is excellent as an Fig. 1 is a graph showing
the relationship        under coating layer for the cationic electro-
between the content by weight of zinc in a plated   deposition lacquer
layer. Also, the specific iron- iron-zinc alloy layer on a steel strip
surface and  zinc alloy surface coating layer of the present the number of
defects formed on and/or in the        invention is effective for enhancing
the resistance lacquer coating layer prepared by a cationic   50    of the
steel strip to corrosion and rusting. electrodeposition procedure,
In order to investigate the adaptability of the Fig. 2 is a graph showing
the relationship        iron-zinc alloy coating layer to the zinc-iron
phos- between the content by weight of zinc in a plated   phate treatment,
a surface of a steel strip was iron-zinc alloy layer on a steel strip
surface and  coated by various types of iron-zinc alloys by an the
resistance of a lacquer coating layer formed   55   electroplating method,
and a zinc-iron phosphate on the plated iron-zinc alloy layer by a cationic
treatment was applied onto the iron-zinc alloy electrodeposition procedure,
to corrosion and       coating layers. Thereafter, a cationic electro- 



rusting, the resistance is represented by the       deposition lacquer
coating procedure was applied largest width in mm of blisters formed on the
to the zinc-iron phosphate-treated surface of the lacquer coating layer by
a cross-cut test, and  60   steel strip so as to form a lacquer coating
layer Fig. 3 is a graph showing the relationship        having a thickness
of 20 microns. between the content by weight of zinc in a plated     The
lacquer-coated steel strip was subjected to iron-zinc alloy layer formed on
a steel strip       a cross-cut test in which the cross-cut steel strip
surface and the intensity of the covering property  was subjected  to  a
salt solution-spraying of a phosphate film layer on the plated iron-zinc
65   procedure for 500 hours. The resistance of the 3    5
0 047 987                        6 lacquer layer to the salt solution was
represented  zinc, is formed on a base coating layer which has by the
largest width of blisters formed on the      been formed on a surface of a
steel substrate and lacquer layer. The larger the largest width of the
which comprises zinc or a zinc-based alloy. blisters, the lower the
resistance of the lacquer     The content of zinc in the surface coating
layer layer to  salt solution. The  result of the    5    may be very
small. However, it is preferable that above-mentioned experiment is
indicated in Fig.     the surface coating layer contains a certain 2.
amount of zinc because when a phosphate treat- Referring to Fig. 2, it is
evident that when the   ment is applied to the surface coating layer, zinc
content of zinc in the iron-zinc alloy coating layer  in the surface
coating layer serves as the is 40% by weight or less, preferably, from 2 to
10   nucleuses of crystallization for the phosphate. 40% by weight, the
lacquer coating layer exhibits      The amount of the surface coating layer
is not an  excellent resistance  to  corrosion. This       limited to a
specific range as long as the surface phenomenon is due to the fact that
when the         coating layer completely covers the surface of the content
of zinc in the iron-zinc alloy coating layer  base coating layer. However,
when the phosphate is 40% by weight or less, that is, the content of  '5
treatment is applied to the surface coating layer, a iron in the alloy
coating layer is high, the zinc-iron  portion of the surface coating layer
is dissolved phosphate treatment results in the formation of     away.
Also, when the cationic electrodeposition phosphophyllite.
lacquer coating procedure is applied to the This phenomenon occurs even if
the iron-zinc       surface coating layer, a portion thereof is also alloy
layer contains a small amount of other metal   20   dissolved away.
Therefore, in order to maintain or metals.
the base coating layer completely coated with the In order to make clear
the relationship between    surface coating layer, it is preferable that
the the content of zinc in the iron-zinc alloy coating   surface coating
layer has a thickness of 0.01 layer and the formation of the
phosphophillite by    micron or more, more preferably, 0.1 micron or the
zinc-iron, phosphate treatment, the covering   25   more, still more
preferably, 0.1 to 2 microns, and property of the phosphate film formed on
the         a weight of from 0.6 to 15 [ERR]. iron-zinc alloy coating layer
and the size of the     The specific surface coating layer of the present
resultant  phosphate  crystal  grains  were         invention is effective
for promoting the formation measured. The result is indicated in Fig. 3.
of fine particle-shaped phosphophillite crystals Referring to Fig. 3, Curve
I indicates the   30   which are effective for enhancing the bonding
relationship between the content of zinc and the    strength of the lacquer
layer to the steel material. covering percentage of the phosphate coating
Therefore, the specific surface coating layer of the film, and Curve II
shows the relationship between    present invention is highly adequate for
the the content of zinc and the average size of the      phosphate
treatment and the cationic electro- phosphate crystal grains. From  Curve
II, it is  35    deposition  lacquer coating  procedure. The evident that,
when the content of zinc is 40% by     resultant phosphate-lacquer layer
coated steel weight or less, preferably, from 2 to 40%  by        material
exhibits an excellent resistance to weight, the resultant phosphate  film
layer         corrosion and rusting, and has satisfactorily a consists
mainly    of    phosphophillite,        small number of defects, that is,
protuberances [ERR], in the form of fine particle-  40    and pin holes.
shaped dense crystals. With an increase in the        The specific base
coating layer of the present content of zinc over 40% by weight, the
content of  invention is effective for preventing electro- hopeite [ERR] in
the phosphate film    chemical corrosion of the steel substrate. layer
increases. That is, when the content of zinc    The effects of the present
invention, for is in a range of from about 40 to about 60% by   45
example, on motor vehicles will be described weight, the phosphate film
layer consists of a       below. When a steel material, for example, a cold
mixture  of the  fine  particle-shaped  phos-       rolled strip or a one
surface-galvanized steel strip phophillite crystals and the hopeite
crystals which  is used for forming the outside post or a motor are in the
form of coarse needles. Also, when the   vehicle, the non-galvanized
surface of the steel content of zinc exceeds about 60% by weight, the   50
strip exhibits a poor resistance to cosmetic phosphate film  layer consists
mainly of the         corrosion. The zinc-plated (galvanized) surface of 



hopeite crystals. Furthermore, when the content     the steel strip
exhibits a satisfactory resistance to of zinc in the iron-zinc alloy
coating layer is zero or  cosmetic corrosion. However, as stated herein-
very close to zero, the formation of the phosphate   above, the
zinc-plated  surface causes the film  layer becomes difficult and the
covering   55    undesirable formation of defects such as pro- percentage
of the phosphate film layer on the       tuberances and pin holes on and/or
in the resul- iron-zinc alloy coating layer becomes poor. This    tant
lacquer coating layer. phenomenon is indicated in Fig. 2, also. That is,
However, when the two layer-coated steel when the content of zinc is close
to zero or is zero,  material of the present invention is used for the
resistance of the lacquer coating layer to the   60  producing the outside
parts of the motor vehicles, salt solution becomes poor.
the cationic electrodeposition lacquer coating As stated above, in the two
layer-coated steel     procedure can be applied thereto while prevent-
material, it is essential that a surface coating layer  ing the occurrence
of undesirable cratering comprising an iron-zinc alloy containing 40% by
defects. Also, the two layer-coated steel strip of weight or less,
preferably 2 to 40% by weight, of   65   the present invention is effective
for enhancing 4    7                   0 047 987                        8
the bonding strength of the lacquer coating layer     surrounding portion
of the dissolved portion does to the steel substrate to an extent that even
when  not become alkaline. a stone hits the surface of the lacquer coating
In the case of the two layer-coated steel layer while the motor vehicle is
in motion, no        material of the present invention, the zinc-iron
separation of the lacquer coating layer from the  5    alloy  base coating
layer prepared  by the motor vehicle occurs. Also, even if the lacquer
above-mentioned  method, can  exhibit an coating layer is scratched, the
steel substrate can   excellent resistance to corrosion even under the be
protected from corrosion and rusting by the        cationic
electrodeposition lacquer coating layer. base coating layer.
Therefore, the thickness of the surface coating In the case where a steel
material is used for    10  layer is not necessary to be very large.
producing a part located inside of motor vehicles,     The specific base
coating layer of the present it is most important that the steel material
is      invention can be prepared by any conventional resistive to piercing
corrosion. The two layer-       methods including a galvanizing method or
an coated steel material of the present invention        electroplating
method  and  can exhibit the exhibits not only the function of enhancing
the  5    above-mentioned specific functions thereof as resistance of the
lacquer coating layer to corro-     long as the layer contains no n phase
therein. sion by the function of the surface coating layer      The
specific base coating layer of the present but also  the  function  of
electrochemically        invention may contain one or more optional
preventing piercing corrosion of the steel sub-      elements, for example,
Ni, Co, Mo, Al, Cr, Mn, V, strate by the function of the base coating
layer.   20   Sn, Cd, in addition to zinc or zinc and iron, unless the
optional elements affect the electrochemical The base coating layer in the
two layer-coated     protecting effect of the specific base coating layer
steel material of the present invention will be of the present invention.
further described below. Generally, it is known that the conventional zinc
When the specific base coating layer of the coating  layer exhibits a poor
anti-creeping    25    present invention consists mainly of an iron-zinc
alloy, it is preferable that the zinc-iron alloy property. Even in the case
of the two layer-coated   coating layer contains 40 to 93% by weight of
zinc steel material of the present invention, when the    and has no n
phase. When the content of zinc is surface of the lacquer-coated steel
material is scratched to an extent that the scratch reaches the  less than
40% by weight, sometimes, the galvanic surface of the steel substrate, and
the scratched    30    protection effect of the base coating layer is
unsatisfactory and, therefore, the resultant steel steel material is placed
in a corrosive environ-     material exhibits an unsatisfactory resistance
to ment, the exposed zinc layer surface seives as an    rusting. When the
content of zinc exceeds 93% by anode and is dissolved in the corrosive
liquid       weight, usually, the resultant base coating layer while
causing the surrounding portion of the         contains a certain amount of
n phase. dissolved portion of the zinc layer to become   35 The base
coating layer of the present invention alkaline. This phenomenon causes the
undesir-        preferably has a weight of from 10 to 150 [ERR] able
formation of blisters or creep on the lacquer coating layer. In order to
prevent the above-men-    and a thickness of from 1.5 to 25 microns. tioned
disadvantages, it is necessary that the         In the steel material of
the present invention, conventional surface coating layer has a large   40
only one surface of the steel substrate may be 



thickness.                                           coated in accordance
with the present invention and the other surface may not be coated or may
The base coating layer can be produced by           be coated in a manner
other than that of the applying a conventional hot galvanizing or
electroplating procedure to a steel substrate.       present invention. For
example, when the base coating layer is        may be coated in accordance
with the present produced by the galvanizing procedure, a heat
invention, and the other surface may be coated treatment at a temperature
of 250 to [ERR] may be    with the specific base coating layer of the
present applied to the zinc- or zinc-based alloy-coated      invention
alone. Furthermore, both.surfaces of steel material so as to allow a
portion of iron in   50   the steel substrate may be coated in accordance
the steel substrate to diffuse into the galvanized   with the present
invention. In this case, the two base coating layer, before the surface
coating       layers on one surface of the steel substrate may
layer-forming procedure. This procedure is effec-    be the same as or
different from those on the tive for providing a zinc-iron alloy base
coating    other surface of the steel substrate. layer having no n phase.
This type of base coating   55  For example, a steel material is used for
layer can exhibit an excellent anti-creeping         forming an outside
panel of a motor vehicle, it is property and a superior resistance to
corrosion      necessary that the outside surface of the panel under a
conventional anion electrodeposition         exhibits an excellent
resistance to rusting and the lacquer coating layer. However, the
anti-creeping    inside surface of the panel exhibits a superior property
of the zinc-iron alloy coating layer is   60   resistance to piercing
corrosion. For the purpose unsatisfactory  under  the  cationic  electro-
of attaining the above-mentioned requirements, it deposition lacquer
coating layer. This is because    is preferable that the outside surface of
the steel when a scratch reaches the steel substrate, the      substrate is
coated with a thin base coating layer exposed surface portion of the
zinc-iron alloy       comprising an alloy consisting of 10% by weight
coating layer is anodically dissolved, but the   65   of iron and the
balance zinc and, then, with a    0 047 987                       10
surface coating layer comprising an alloy consist-   corrosion under
lacquer coating layer. This type ing of 80% by weight of iron and the
balance zinc,   of technique is easy to prepare a base coating and the
inside surface of the steel substrate may    layer containing 93% by weight
of less of zinc and be coated with a thick base coating layer compris-
consisting mainly of [ERR] phase and a small amount ing zinc alone and,
then, with a surface coating  5   of [ERR] phase and p phase and no n
phase. The base layer comprising an alloy consisting of 80% by
coating layer prepared by this type of technique weight of iron and the
balance zinc.                 may contain Al and optionally, Mg, Mn and/or
Cu. The two layer-coated steel material of the         in addition to zinc
and iron. present invention can be produced by the process       The base
coating layer may be formed by a of the present invention, which comprises
the    to   conventional metal spraying method by using steps of:
zinc or a zinc-based alloy containing Al. Mg, Mn forming a base coating
layer comprising zinc or    and/or Cu. In this case, the heat treatment as
a zinc-based alloy on a surface of a steel substrate  stated above may be
applied to the resultant base by means of a hot galvanizing procedure or an
coating layer. electroplating procedure and, then;             15     Also,
the base coating layer can be produced by forming a surface coating layer
comprising an      electroplating zinc or a zinc-based alloy contain-
iron-zinc alloy having a content of zinc of 40% by   ing, for example, Ni,
Co, Mo and/or Cr, on the weight or less, or the base coating layer, by
surface of the steel substrate. In this case, the means of an
electroplating procedure or a            method as disclosed in British
Patent No. 786,418 vacuum evaporation procedure.                   20   can
be utilized in which an electroplating liquid The base coating layer may be
formed by a          containing iron and zinc sulfate and a small
conventional electroplating method or metal          amount of citric acid,
is used. The concentration spraying method.
of iron ions and zinc ions can be changed to Before the base coating layer
is formed,           desired values. However, this method sometimes
usually, the surface of the steel substrate is made    25   results in a
base coating layer containing n phase, clean as follows.
in addition to [ERR] phase and [ERR] phase. Especially, an When the base
coating layer is formed by a          increase in the content of zinc
results in an galvanizing  method, the steel substrate  is         increase
in the amount of n phase. When the degreased by heating it in an oxidation
furnace or   content of zinc is 60% by weight or more, it is a
non-oxidation furnace and, then, the resultant   30   unavoidable that the
resultant base coating layer oxide film formed on the surface of the steel
contain a certain amount of n phase. substrate is eliminated by heat
treating the steel     Generally, in order to enhance the anti-creeping
substrate in a reducing atmosphere. The steel        property it is
preferable that the base coating substrate having the cleaned surface is
subjected    layer contains no n phase. In order to produce the to the
galvanizing process. Otherwise, the steel   35   base coating layer
containing no n phase, by the 



substrate is degreased, pickled, flux-treated and,   electroplating method,
it is preferable to use an then, galvanized.
electroplating liquid containing 10 g/l or more of In the case where the
base coating layer is        citric acid in addition to iron and zinc
sulfates and formed by an electroplating method, the sub-         having a
pH of 2.4 to 4.0 adjusted by, if necessary, strate consisting of a cold
rolled steel strip is   40   adding an electrolyte to the electroplating
liquid. degreased and, then, pickled just before the         The proportion
in weight of zinc to iron in the electroplating  process. When  the
substrate        resultant base coating layer can be adjusted to a consists
of a hot rolled steel strip, the substrate is  desired value by controlling
the proportion in preliminarily descaled and thereafter, degreased
concentration of zinc sulfate to iron sulfate in the and pickled.
45   electroplating liquid. The base coating layer When the base coating
layer is produced by the     produced by the electroplating method consists
galvanizing method, it is easy to obtain a large     mainly of [ERR] phase
and may contain a small thickness of the base coating layer. Therefore,
this  amount of [ERR] and [ERR] phases. method is suitable for producing
the steel            If the concentration of citric acid in the electro-
material which is necessary to have an excellent   50   plating liquid is
smaller than 10 g/l, and/or if the resistance to heavy corrosion. In this
galvanizing   pH of the electroplating liquid is below 2.4, procedure, the
coating metal may consist of zinc     sometimes, a certain amount of n
phase may be alone or a zinc-based alloy containing one or
precipitated in the resultant base coating layer. more alloying elements
such as Al, Mg, Mn and          During the electroplating  procedure, it is
Cu.                                            55   possible to maintain
the concentrations of iron After the galvanizing procedure is applied to
the  and zinc ions in the electroplating liquid constant steel substrate to
form the base coating layer, a    by adding metallic iron and zinc therein.
heat treatment may be applied to the galvanized        In the
electroplating system, due to the steel substrate at a temperature of 250
to [ERR]     presence of 10 g/l of citric acid and to the pH for 5 seconds
to 20 hours. This heat treatment is   60   adjusted to 2.4 or more, the
oxidation rate of [ERR] effective for allowing a portion of iron in the
steel  into Fe 3 is reduced on the anode, and the substrate to diffuse into
the base coating layer.    metallic iron and zinc are electrodeposited on
the This technique is so-called galvannheal-coating.     cathode. The
deposited amounts of iron and zinc This type of base coating layer exhibits
a very      can be compensated for by adding metallic iron excellent
resistance  to  corrosion  including    65   and zinc into the
electroplating liquid. When the 6    11                   0 047 987
12 metallic iron and zinc are dissolved into the        acid, are used. A
surface coating layer consisting electroplating liquid, [ERR] ions in the
electro-      of 9% by weight of zinc and the balance consist- plating
liquid are reduced into [ERR] by the dis-      ing of iron is obtained. The
proportion in weight solved iron and zinc.
of zinc to iron in the surface coating layer can be 5    adjusted to a
desired value by controlling the Metallic [ERR]
proportion in the concentration of zinc sulfate to iron sulfate in the
electroplating liquid. Metallic [ERR]
Preferably, the surface coating layer can be produced  by using an
electroplating  liquid Therefore, the amount of [ERR] can be maintained
containing the desired amounts of zinc sulfate at a desirable low level.
This effect is due to the    10   and iron sulfate and 10 g/l or more of
citric acid large amount of citric acid of 10 g/l or more and     and
having a pH of 2.4 to 4.0. The specific the pH of 2.4 to 4.0. When the pH
exceeds 4.0, the    advantages of this method has been described in
dissolving rates of zinc and iron into the electro-   detail hereinbefore.
plating liquid is significantly reduced so that it      When the
electroplating procedure for produc- becomes difficult to maintain the
concentration of   ing the surface coating layer is applied to the base
iron and zinc ions at desired levels, respectively.   coating layer which
has been produced by the Generally, when a soluble anode is used, the
galvanizing or metal spraying procedure, it is oxidation of [ERR] into
[ERR] is small. Therefore,      preferable that before applying the
electroplating even in the case of the electroplating liquid of the    20
procedure, the surface of the base coating layer is above-mentioned British
patent, it is possible to    lightly degreased and/or pickled. Also, after
the maintain the concentration of Fe'3 at a low level.    surface coating
layer is formed on the base When an insoluble anode is used, the oxidation
of     coating layer, the aforementioned heat treatment [ERR] into [ERR] is
vigorous, and, therefore, it is     may be applied to the resultant two
layer-coated difficult to maintain the concentration of [ERR] at     steel
material, at a temperature of 200 to 300'C for the low level. However, as
long as the concentra-     5 to 20 minutes, so as to eliminate strains
retained tion of citric acid is maintained at the level of 10  in the
structure of the electroplated surface coat- g/l or more and the pH of the
electroplating liquid  ing layer, to control the form of crystals and to is
controlled to a range of 2.4 to 4.0, the           enhance the bonding
property of the surface 



concentration of [ERR] can be controlled to a    30   coating layer to the
steel substrate. desired low level even when an insoluble anode,
When the base coating layer is produced by the for example, an anode
consisting of Pb-4%Sn           electroplating method, the surface of the
resultant alloy or Pt, is used. This feature allows the         base
coating layer is rinsed with water and, then, electroplating procedure to
be carried out at a       subjected to the next electroplating procedure
for high current density, at a high passing speed of   35    producing the
surface coating layer. The electro- the steel substrate to be plated. That
is, the        plating liquid used for producing the base coating
above-mentioned type of electroplating method         layer can be used for
producing the surface is suitable for mass production of the base coated
coating layer by changing the concentrations of steel material at a low
cost. Also, by reducing the  iron sulfate and zinc sulfate therein. In this
case, concentration of [ERR], the undesirable reduction    40  the
water-rinsing procedure for the base coating of cathode efficiency can be
avoided. This is an     layer can be omitted. important advantage of the
above-mentioned             The present invention will be further
illustrated type of electroplating method.                        by the
following examples. The thickness of the surface coating layer may       In
each of the examples, the following tests be small as long as the objects
of the present        were applied to the product of the example. invention
can be attained. Therefore, the surface coating layer can be prepared by a
conventional       1. Content of phosphophillite in phosphate film
electroplating method or vacuum  evaporation          layer method.
A phosphate film layer which has been pre- When the surface coating layer
is prepared by    50  pared by a dipping type zinc-iron phosphate the
electroplating method, the method disclosed      treatment on the product
of the example, was in British Patent No. 786,418 can be utilized. In this
subjected to an X-ray diffraction analysis. The British patent method, a
soluble anode and an        intensities of the peaks corresponding to phos-
electroplating liquid containing, for example, 248    phophillite and
hopeite were measured. The g/l of [ERR], 20 g/l of [ERR], 10 g/l   55
content of phosphophillite was determined in of KCI, 118 g/l of [ERR] and
0.5 g/l of citric    accordance with the following equation: [ERR] 2. The
number of defects in and/or on the cationic    product of the example by a
cationic electro- electrodeposition lacquer coating layer
deposition method at a voltage of 280V, at a A lacquer coating layer was
formed on the    65   temperature of the electrodeposition liquid of 7
13                  0 047 987                       14 [ERR] a ratio in
area of the surface of the      composition, at a temperature of [ERR], at
a specimen to be coated, to the surface of the       current density of 30
[ERR]. electrode, of 1110, for 2 minutes. The surface area of the specimen
was 90 [ERR]. The number of the                  Composition defects
(protuberances and pin holes) on and/or  5 in the resultant lacquer coating
layer was            [ERR]             250 g/l counted. The lacquer coating
layer having 20 defects or less per 90 cm2 of the surface area        [ERR]
80 g/l thereof is regarded as satisfactory. 10    [ERR]              120
g/l 3. Bonding property of lacquer coating layer to the product of the
example                            KCl                     10 g/l A lacquer
coating layer having a thickness of 80 microns was formed on a surface of
the product        Citric acid             0.5 g/l of the example which had
been treated with a    15 zinc-iron phosphate solution,. by applying a
The resultant surface coating  layer had  a cationic    electrodeposition
undercoating          composition and a weight as indicated in Table 1.
procedure,  and  an  intermediate  coating            The resultant two
layer-coated steel strip was procedure and an uppercoating procedure by a
subjected to the afore-mentioned tests. The conventional spraying  method.
The lacquer   20   results are indicated in Table 2. coated steel material
was immersed in water at a temperature of [ERR] for 240 hours, withdrawn
from water and, immediately subjected to an          Example 2 evaluation
test in which on the lacquer coating        The same procedures as those
described in Example 1 were carried out, except that after the layer,
eleven vertical scratches and eleven lateral   25   continuous
galvanizing   procedure   was scratches are formed at intervals of 2 mm so
as to  completed, the resultant base-coated steel strip reach the surface
of the steel substrate and to 



form 100 squares separated from each other by       was heat treated at a
temperature of 550C for 9 seconds, the resultant heat treated base coating
the scratches. An adhesive tape was adhered to the surface of the scratched
coating layer and    30   layer had a composition and a weight as indicated
peeled off. The number of squares of the lacquer    in Table 1, and the
electroplating procedure for coating layer separated from the steel
substrate     producing the surface coating layer was carried was counted.
The intensity of bounding property     out at a temperature of [ERR], at a
current density of the lacquer coating layer was represented by      of 80
[ERR]  by using an electroplating liquid the number of the separated
squares.           35    having the following composition and a pH of 3.3
while flowing it at a speed of 20 m/min. 4. Resistance of lacquer coating
layer to corrosion               Composition A cationic electrodeposition
lacquer coating layer having a thickness of 20 microns. was           [ERR]
100 g/l formed on the product of the example which had    40 been treated
with an iron-zinc phosphate solu- tion. The lacquer coating layer was
subjected to a    [ERR]             20 g/l cross-cutting  in  which  the
cross-scratches        [ERR]                20 g/l reached the surface of
the steel substrate. The cross-cut lacquer coating layer was subjected to a
45  [ERR]                20 g/l salt solution-spraying test for 840 hours.
There- after, an adhesive tape was adhered to the surface of the cross-cut
lacquer coating layer and peeled.    Ammonium citrate       60 9/1 The
largest width of pieces of the lacquer coating layer separated from the
steel substrate was   50   The resultant surface coating  layer had a
composition and weight as indicated in Table 1. measured. The width of each
separated piece was measured from the corresponding cut line.
The result of the tests are indicated in Table 2. Example 1
Example 3 A surface of a steel strip was made clean by   55   The same
procedures as those described in using a non-oxidation furnace and a
reducing        Example 2 were carried out except for the follow- furnace
and subjected to a conventional con-        ing items. tinuous galvanizing
procedure using a galvaniz-       (1) The galvanizing zinc both contained
0.16% ing zinc bath containing 0.16% by weight of Al. A   by weight of Al
and 0.4% by weight of Mg as an resultant base coating layer had a
composition    60   additional element. and weight as indicated in Table 1.
The surface of    42) The resultant base coating layer had a the base
coating layer was degreased by an alkali   composition and a weight as
indicated in Table 1. aqueous solution, lightly pickled and, then,
(3) The electroplating liquid for producing the subjected to an
electroplating procedure by using   surface coating layer had a pH of 3.5
and the an electroplating liquid having the following   65   following
composition. 8    15                  0 047 987                      16
[ERR]          100 g/l                     was produced by using an
electroplating liquid containing: [ERR]               8 g/l [ERR]
100 g/l [ERR]              20 g/l [ERR]           40 g/l KCI
20 g/l [ERR]           5 g/l Ammonium citrate       60 g/l [ERR]
20 g/l (4) The resultant surface coating layer had a weight and a
composition as indicated in Table 1.     [ERR]                  20 g/l The
results of the tests are indicated in Table 2. Ammonium citrate       50
g/l Example 4 The same procedures as those described in         at a
temperature of 45C at a pH of 3.0 at a current Example I were carried out
except for the follow-   density of 50 [ERR] at a flow speed of 20 m/min.
ing items. (1) The base coating layer comprising zinc        Example 6
alone and having a weight of 20 [ERR]  was    20       The same procedures
as those described in 



produced  by  a  conventional electroplating        Example 4 were carried
out, except for the procedure.
following items. (2) The surface coating layer was produced by       (1)
The base coating layer having the composi- using the same electroplating
procedure as that     tion and weight as indicated in Table 1 was described
in Example 3, except that the electro-   25   produced by using an
electroplating liquid plating liquid contained:
containing: [ERR]          100 g/l                       [ERR]
100 g/l [ERR]            20 g/l               30      [ERR]           120
g/l [ERR]              20 g/l                       [ERR]              20
g/l [ERR]                  20 g/l and                   [ERR]
20 g/l Ammonium citrate       60 g/l                       Ammonium citrate
60 g/l and had a temperature of [ERR] and a pH of 3.0, the  at a
temperature of [ERR] at a pH of 3.2 at a current current density was 60
[ERR] and the flow speed    density of 160 [ERR] at a flow speed of 150 of
the electroplating liquid was 20 m/min.    40   rn/min. (3) The resultant
coating layer had a composi-     (2) The surface coating layer having the
tion and weight as indicated in Table 1.            composition and weight
as indicated in Table 1 was produced by using an electroplating liquid
Example 5                                           containing: The same
procedures as those mentioned in   45 Example 4 were carried out, except
for the           [ERR]            100 g/l following items. (1) The base
coating layer having the composi-      [ERR]             20 g/1 tion and
weight as indicated in Table 1 were produced by using an electroplating
liquid   50      [ERR]              20 g/l containing: [ERR]
20 g/l [ERR]            180 g/l Ammonium citrate       60 g/l [ERR]
230 g/l                55 at a temperature of [ERR] at a pH of 3.5 at a
current [ERR]              20 g/l and                  density of 120 [ERR]
at a flow speed of 150 m/min. [ERR]                100 g/l 60   Example 7
at a temperature of [ERR] at a pH of 1.8 which was    The same procedures
as those described in adjusted by using [ERR] at a current density of
Example 4 were carried out, except for the 40 Adm2.
following items. (2) The surface coating layer having the            (1)
The base coating layer having the composi- composition and weight as
indicated in Table 1    65   tion and weight as indicated in Table 1 was 9
1 7                 0 047 987                      18 produced  by using an
electroplating  liquid          [ERR]              20 g/l containing: [ERR]
180 g/l                       [ERR]                  20 g/l [ERR]
220 g/l                5      Ammonium citrate       20 g/l at a
temperature of [ERR] at a pH of 2.7, which was [ERR]              20 g/l
adjusted by using H2S04, at a current density of KCI                    20
g/l                     80 [ERR] at a flow speed of 20 mirnin. Ammonium
citrate      140 g/l                     Example 9 Procedures identical to
those described in at a temperature of [ERR] at a pH of 3.3 at a current
Example 4 were carried out with the following density of 80 [ERR] at a flow
speed of 140 m/min.   exception. (2) The surface coating layer having the
15    (1) The base coating layer having the composi- composition and weight
as indicated in Table 1      tion and weight as indicated in Table 1 was
was produced by using an electroplating liquid      produced by using an
electroplating  liquid containing:
containing: [ERR]          100 g/l               20      [ERR]          100
g/l [ERR]             13 g/l                       [ERR]             60 g/l
[ERR]              20 g/l                       [ERR]               20 g/l
25 [ERR]                  20 g/l                       [ERR]
20 g/l 



Ammonium citrate       30 g/l                       Ammonium citrate
20 g/l at a temperature of [ERR] at a pH of 3.0 at a current   30   at a
temperature of [ERR] at a pH of 2.9. which was density of 60 [ERR] at a
flow speed of 20 m/min.    adjusted by using [ERR] at a current density of
100 [ERR] at a flow speed of 20 m/min. Example 8
(2) The surface coating layer having the The same procedures as those
described in         composition and weight as indicated in Table 1 Example
4 were carried out except for the follow- ing items.
35    was produced by using an electroplating liquid (1) The base coating
layer having the composi-    containing: tion and weight as indicated in
Table 1 was           [ERR]            250 g/l produced by using an
electroplating  liquid comprising:                                   40
[ERR]            4 g/l [ERR]             75 g/l
[ERR]             120 g/l [ERR]             150 g/l
Citric acid             0.5 g/l [ERR]               20 g/l               45
at a temperature of [ERR] at a pH of 2.5, which was [ERR]
20 g/l                      controlled by using [ERR], at a current density
of 30 [ERR]. Ammonium citrate       60 g/l 50   Comparison Example 1 at a
temperature of [ERR] at a pH of 2.5, which was   The same procedures as
those described in adjusted by using [ERR], at a current density of
Example 1 were carried out, except that no 120 [ERR] at a flow speed of 50
m/min. After the   surface coating layer was produced. electroplating
procedure was started, a portion of [ERR] ions was oxidized so that 4 g/l
of [ERR] ions   55    Comparison Example 2 were contained in the
electroplating liquid.         The same procedures as those described in
(2) The surface coating layer having the          Example 2 were carried
out, except that no composition and weight as indicated in Table 1
surface coating layer was produced. was produced by using an electroplating
liquid containing:                                   60    Comparison
Example 3 [ERR]          100 g/l                      The same procedures
as those mentioned in Example 6 were carried out, except that no [ERR]
5 g/l                     surface coating layer was produced. 65 10    0
047 987 TABLE 1 base coating layer                   Surface coating layer
Composition                              Composition (% by weight)
(% by weight) Example   Producing                           Weight
Producing                     Weight No.       method         Al  Fe   Ni
Zn  [ERR]        method        Fe  Zn   Ni  [ERR] 1      Galvanizing
0.25 0.9  -   Bal-  90       Electroplating    65  35  -      10 ance 2
Galvanizing     0.12  10  -    ,,   45                       75  25  -
5 and heat treatment 3                      0.1    8  Mg   ,,   30
90  10  -        2 0.4 4      Electroplating    -    -    -   100    20
80  20  -        5 5                            -    13  87    15
59  38   3       3 6                       -   30   -   70    20
80  20  -         3 7                       -    30  -   70    20
85  15  -        2 8                       -    20  -   80    20
95    5  -     1.5 - 50   -   50    30                         98   2  -
0.8 Compar- ison Example No. 1      Galvanizing     0.25 0.9  -   Bal-  90
ance 



2      Galvanizing     0.12  10  -    ,,   45 and heat treatment 3
Electroplating    -   30   - 70    20 1 1    0 047 987 TABLE 2 The number
of        Resistance of Content of       defects in and/or     lacquer
coating       Resistance of phosphophillite    on cation electro-    layer
to water      lacquer coating in phosphate      deposition lacquer    (the
number of      layer to corrosion Example       film layer         coating
layer          separated       (The largest width No.            (%)
per 90 [ERR]            squares)        of blisters (mml)) 1
100                  15                   0                    4 2
100                   5                   0                    2 3
100                   10                   0                   2 4
100                  12                   0                    4 5
100                  12                   0                    2 6
100                   5                   0                    2 7
100                  10                   0                    5 8
100                   10                   0                    3 9
100                  12                   0                    3 Corn-
parison Example No. 1              0                  80
100                 >10 2              0                >100
30                    7 3              0                >100
80                 >10 Claims                                         40
wherein the content of zinc in said surface coating layer is in the range
of from 2 to 40% by weight. 1. The use of a two layer coated steel
material,     6. Use according to claim 1, of a two-layer- comprising a
steel substrate and a two layer-        coated steel material as claimed in
claim  1, coating composed of (1) base coating layer           wherein said
surface coating layer has a thickness formed on a surface of said steel
substrate and    45    of 0.01 micron or more. comprising zinc or a
zinc-based alloy and (2) a        7. A process for cationic
electrodeposition surface coating layer formed on said base coating
lacquer coating comprising the steps of: layer and comprising an iron-zinc
alloy having a       forming a base coating layer comprising zinc or
content of zinc of 40% by weight or less for          a zinc-based alloy on
a surface of a steel substrate cationic electrodeposition lacquer coating.
50    by means of a hot galvanizing procedure or an 2. Use according to
claim 1, of a two layer-       electroplating procedure and, then; coated
steel material as claimed in claim  1,         forming a surface coating
layer comprising an wherein said base coating layer has a weight of 10
iron-zinc alloy having a content of zinc of 40% by to 150 [ERR].
weight or less, on the base coating layer, by 3. Use according to claim 1,
of a two layer-    55    means of an electroplating procedure or a coated
steel material as claimed in claim  1, wherein said surface coating layer
has a weight of    vacuum  evaporation procedure and then; 0.6 to 15 [ERR].
applying the cationic electrodeposition lacquer coating on the surface
coating layer. 4. Use according to claim 1 of a two layer- coated steel
material as claimed in claim  1,   60     8. A process as claimed in claim
7, wherein after wherein said base coating layer comprises an         said
base coating layer is formed by said hot iron-zinc alloy containing 40 to
93% by weight of    galvanizing procedure, a heat treatment is applied zinc
and having no n phase.                        to said base coating
layer-coated steel material at 5. Use according to claim 1, of a two layer-
a temperature of from 250 to [ERR] to allow a coated steel material as
claimed in claim  1,   65    portion of iron in said steel substrate to
diffuse 12    0 047 987 



TABLE 2 The number of        Resistance of Content of       defects in
and/or    lacquer coating       Resistance of phosphophillite  on cation
electro-  layer to water     lacquer coating in phosphate      deposition
lacquer    (the number of      layer to corrosion Example     film layer
coating layer         separated       (The largest width No.           (%)
per 90 cm2            squares)        of blisters (mml)) 1            100
15                    0                   4 2            100
5                    0                   2 3            100
10                   0                   2 4            100
12                    0                   4 5            100
12                    0                   2 6             100
5                   0                    2 7            100
10                    0                   5 8            100
10                    0                   3 9            100
12                    0                   3 Com- parison Example No. 1
0                  80                  100                 >10 2
0                >100                   30                   7 3         0
>100                   80                 >10 Claims
40    wherein the content of zinc in said surface coating layer is in the
range of from 2 to 40% by weight. 1. The use of a two layer coated steel
material,    6. Use according to claim 1, of a two-layer- comprising a
steel substrate and a two layer-       coated steel material as claimed in
claim  1, coating composed of (1) base coating layer          wherein said
surface coating layer has a thickness formed on a surface of said steel
substrate and    45    of 0.01 micron or more. comprising zinc or a
zinc-based alloy and (2) a       7. A process for cationic
electrodeposition surface coating layer formed on said base coating
lacquer coating comprising the steps of: layer and comprising an iron-zinc
alloy having a      forming a base coating layer comprising zinc or content
of zinc of 40% by weight or less, for        a zinc-based alloy on a
surface of a steel substrate cationic electrodeposition lacquer coating.
50    by means of a hot galvanizing procedure or an 2. Use according to
claim 1, of a two layer-       electroplating procedure and, then; coated
steel material as claimed in claim  1,         forming a surface coating
layer comprising an wherein said base coating layer has a weight of 10
iron-zinc alloy having a content of zinc of 40% by to 150 [ERR].
weight or less, on the base coating layer, by 3. Use according to claim 1,
of a two layer-   55    means of an electroplating procedure or a coated
steel material as claimed in claim  1,        vacuum evaporation procedure
and then; wherein said surface coating layer has a weight of    applying
the cationic electrodeposition lacquer 0.6 to 15 [ERR].
coating on the surface coating layer". 4. Use according to claim 1 of a two
layer- coated steel material as claimed in claim  1,   60    8. A process
as claimed in claim7, wherein after wherein said base coating layer
comprises an        said base coating layer is formed by said hot iron-zinc
alloy containing 40 to 93% by weight of   galvanizing procedure, a heat
treatment is applied zinc and having no n phase.                        to
said base coating layer-coated steel material at 5. Use according to claim
1, of a two layer-       a temperature of from 250 to [ERR] to allow a
coated steel material as claimed in claim  1,   65    portion of iron in
said steel substrate to diffuse 12    21                   0 047 987
22 into said base ccating layer, before said surface    Patentanspruche
coating layer-forming procedure. 9. A process as claimed in claim 7,
wherein said     1. Verwendung  eines zweischichtig  uber- electroplating
procedure for forming said base       zogenen Stahimaterials, das ein
Stahlsubstrat coating layer is carried out by using an electro-  5   sowie
einen zweischichtigen Ciberzug umfaSt, der plating liquid containing iron
and zinc sulfates     sich zusammensetzt aus (1) einer auf der Ober- and 10
g/l or more of citric acid, and optionally, a  fliche des genannten
Stahlsubstrats ausge- supporting electrolyte and having a pH of from
bildeten Grundierungs-Oberzugsschicht, die Zink 2.4 to 4.0.
oder eine Legierung auf Zinkbasis enthilt, und (2) 10. A process as claimed
in claim 7, wherein  10    einer Oberflachen-Uberzugshicht, die auf der 



said electroplating procedure for forming said       genainnten
Grundierungs- sCberaugsschicht surface coating layer is carried out by
using an     ausgebildet ist und eine Eisen- Zink-Legierung mit
electroplating liquid containing iron and zinc       einem Zink-gehalt von
40 Gew.-% oder weniger sulfates, 10 g/l or more of citric acid and,
enthilt, zur kationischen Elektrotauchlackierung. optionally, a supporting
electrolyte and having a    15  2. Verwendung nach Anspruch 1 eines zwei-
pH of from 2.4 to 4.0.                               schichtig uberzogenen
Stahimaterials nach An- 11. A process as claimed in claim 7, wherein
spruch  1, bei dem   die  genannte  Grun- said base coating layer is formed
by said electro-   dierungs-Uberzugsschicht ein Gewicht von 10 bis plating
procedure using an electroplating liquid     150 g/m2 aufweist. containing
desired amounts of iron and zinc    20      3. Verwendung nach Anspruch 1
eines zwei- sulfates, 10 g/l or more of citric acid, and         schichtig
uberzogenen Stahimaterials nach An- optionally, a supporting electrolyte
and having a    spruch  1, bei dem   die  genannte  Ober- pH of from 2.4 to
4.0, and then, said surface        flachen-Uberzugsschicht ein Gewicht von
0,6 bis coating layer is formed by said electroplating       15 glm2
aufweist. procedure using the electroplating liquid used for    25  4.
Verwendung nach Anspruch 1 eines zwei- forming the base coating liquid by
changing the      schichtig uberzogenen Stahimaterials nach An-
concentrations of the iron and zinc sulfates to      spruch  1, bei dem
die  genannte  Grun- desired values.
dierungs-Uberzugsschicht   eine   Eisen-Zink- 12. A process as claimed in
claim 9, wherein in    Legierung enthalt, die 40 bis 93 Gew.-% Zink und
said electroplating procedure for said base coat-   30    keine r-Phase
enthalt. ing layer an insoluble anode is used and the           5.
Verwendung nach Anspruch 1 eines zwei- concentration of zinc and iron ions
in said electro-  schichtig uberzogenen Stahimaterials nach An- plating
liquid is controlled to a desired level by   spruch 1, bei dem der Gehalt
an Zink in der adding metallic iron and zinc into said electro-
genannten   Oberflachen-Uberzugsschicht  im plating liquid, whereby the
concentration of [ERR]   35    Bereich von 2 bis 40 Gew.-% liegt. is
maintained at a low level.                          6. Verwendung nach
Anspruch 1 eines zwei- 13. A process as claimed in claim 10, wherein in
schichtig Oberzogenen Stahimaterials nach An- said electroplating procedure
for said surface       spruch  1, bei dem  die  genannte  Ober- coating
layer an insoluble anode is used and the     flachen-Uberzugsschicht eine
Dicke von 0,01 ,um concentration of zinc and iron ions in said electro-
40    oder mehr aufweist. plating liquid is controlled to a desired level
by     7.  Verfahren  zur  kationischen  Elektro- adding metallic iron and
zinc to said electro-       tauchlackierung mit den Stufen: plating liquid,
whereby the concentration of [ERR]       Ausbilden    einer
Grundierungs-Uberzugs- is maintained at a low level.
schicht, die Zink oder eine Legierung auf Zink- 14. A cationic
electrodeposition lacquer-coated    45    basis enthilt, auf einer
Oberfliche eines Stahl- steel material comprising a steel substrate and an
substrats   mit   Hilfe   eines   Feuerver- undercoating  layer and  a
cationic electro-         zinkungsverfahrens oder eines Galvanisierver-
deposition lacquer coating layer, characterized in  fahrens und
anschlieiend. that said undercoating layer is composed of (1) a
Ausbilden einer Oberflachen-Uberzugsschicht, base coating layer formed on a
surface of said   50    die eine Eisen-Zink-Legierung mit einem Zink- steel
substrate and comprising zinc or a zinc        gehalt von 40 Gew.-% oder
weniger enthalt, auf based alloy and (2) a surface coating layer formed
der Grundierungs-Uberzugsschicht mit Hilfe on said base coating layer and
comprising an         eines Galvanisierverfahrens oder eines Vakuum-
iron-zinc alloy having a content of zinc of 40% by   aufdampfverfahrens,
sowie anschlieSend weight or less.                                55
Aufbringen   der   kationischen   Elektro- 15. The coated steel material as
claimed in       tauchlackierung auf die Oberfliche der Ober- claim  14,
wherein a phosphate film layer is         flichen-Uberzugsschicht. formed
between said undercoating layer and said        S. Verfahren nach Anspruch
7, bei dem nach lacquer coating layer.                               dem
Ausbilden   der   genannten   Grun- 16. The coated steel material is
claimed in claim    60    dierungs-Uberzugsschicht durch das genannte 15,
wherein said phosphate film layer consists       Feuerverzinkungsverfahren
das mit der ge- essentially of phosphophyllite.
nannten  Grundierungs-Uberzugsschicht uber- 65 13 C   L          S    23
0 047 987                       24 zo2ene Stahimaterial einer
Warmebehandlung          gekennzeichnet, dal3 die untere Uberzugsschicht
bei einer Temperatur von 250 bis 600tC unter-       zusammengesetzt ist aus
(1) einer Grundie- zogen wird, so daB ein TeOl des Eisens aus dem
rungs-Uberzugsschicht, die auf einer Oberflache genannten Stahisubstrat in
die genannte Grun-       des genannten Stahisubstrats ausgebildet ist und
dierungs-Uberzugsschicht  diffundieren  kann,    5   Zink oder eine
Legierung auf Zinkbasis enthilt, 



bevor das genannte Verfahren zur Ausbildung der     und (2) einer
Oberflichen-Uberzugsschicht. die Oberflachen-Uberzugsschicht durchgefihrt
wird.      auf der genannten  Grundierungs-Uberzugs- g 9. Verfahren nach
Anspruch 7, bei dem das        schicht ausgebildet ist und eine Eisen-
Zink-Legie- genannte Galvanisierverfahren zur Ausbildung        rung mit
einem Zinkgehalt von 40 Gew.-% oder der genannten
Grundierungs-Uberzugsschicht    to   weniger enthAlt. unter  Verwendung
einer  Galvanisieriosung           15. Uberzogenes Stahimaterial nach
Anspruch durchgefuihrt wird, die Eisen- und Zinksulfat, 10   14, bei dem
zwischen der genannten unteren gil oder mehr Zitronensaure sowie ggf. einen
Uberzugsschicht und der genannten Lackschicht Trigerelektrolyten enthilt
und einen pH von 2,      eine Schicht aus einem Phosphatfilm ausgebildet
bis 4,0 aufweist.                             15  ist. 10. Verfahren nach
Anspruch 7. bei dem das          16. Uberzogenes Stahimaterial nach
Anspruch genannte Galvanisierverfahren zur Ausbildung        15, bei dem
die genannte Schicht aus einem der  genannten  Oberflachen-Uberzugsschicht
Phosphatfilm  im   wesentlichen  aus  Phos- unter  Verwendung  einer
\Gatvanisierl6sung         phophyllit besteht. durchgef(uhrt wird, die
Eisen- und Zinksulfat, 10    20 g/ oder mehr Zitronensaure sowie ggf. einen
Revendications Tragerelektrolyten enthalt und einen pH von 2,4 bis 4,0
aufweist.                                    1. Utilisation d'un materiau
d'acier A deux 11. Verfahren nach Anspruch 7, bei dem die        couches,
comprenant un. substrat d'acier et un genannte Grundierungs-Uberzugsschicht
durch    25   revetement de deux couches compose de (1) une das genannte
Galvanisierverfahren unter Ver-        couche de revetement de base formee
sur une wendung einer Galvanisierlosung ausgebildet         surface du
substrat d'acier et constituee de zinc wird, die die gewunschten Mengen von
Eisen-         ou d'un alliage A base de zinc et de (2) une couche und
Zinksulfat, 10 g/l oder mehr Zitronensaure      de revitement de surface
formee sur la couche de sowie ggf. einen Tragerelektrolyten enthalt und
30   revetement de base et constituee d'un alliege einen pH von 2,4 bis 4,0
aufweist, und bei          zinc-fer d'une teneur en zinc de 40% en poids ou
dem   anschlieBend   die  genannte   Ober-          moins, pour un
revetement de laque par depdt flachen-Uberzugsschicht nach dem  genannten
6lectrolytique cationique. Galvanisierverfahren  unter Verwendung  der
2. Utilisation d'un materiau d'acier revetu de Galvanisierlosung
ausgebildet wird, die zur Aus-   35   deux couches selon la revendication
1, carac- bildung der Grundierungs-Uberzugsschicht ver-      terisee en ce
que la couche de revetement de base wendet worden war, indem man die
Konzentra-         a un poids de 10 a 150 g/m2. tion des Eisen- und
Zinksulfats auf die ge-          3. Utilisation d'un materiau d'acier
revetu de wunschten Werte verandert.                          deux couches
selon la revendication 1, carac- 12. Verfahren nach Anspruch 9, bei dem bei
40   teris6e en ce que la couche de revetement de dem  genannten
Galvanisierverfahren fOr die         surface a un poids de 0,6 A 15 g/m2.
genannte  Grundierungs-Uberzugsschicht eine          4. Utilisation d'un
materiau d'acier revetu de unlosliche Anode verwendet wird und die Kon-
deux couches selon la revendication 1, carac- zentration von Zink- und
Eisen-lonen in der         terisee en ce que lo couche de revetement de
base Genannten  Galvanisierlosung  auf  ein  ge-   45   comprend un alliage
zinc-fer contenant 40 a 93% wunschtes Niveau eingestellt wird, indem man
en poids de zinc et aucune phase ri. metallisches Eisen und Zink zu der
genannten         5. Utilisation d'un materiau d'acier revetu de
Galvanisierl6sung zugibt, wodurch die Konzentra-    deux  couches  selon
la  revendication  1, tion von Fe"* auf einem niedrigen Niveau ge-
caracterisee en ce que le teneur en zinc de la halten wird.
50   couche de revetement de surface est de l'ordre de 13. Verfahren nach
Anspruch 10, bei dem bei       2 a 40% en poids. dem  genannten
Galvanisierverfahren for die          6. Utilisation d'un materiau d'acier
rev6tu de genannte Oberflachen-Uberzugsschicht eine un- I6sliche Anode
verwendet wird und die Konzen-      tdriseo en ce que la couche de
revetement de tration von Zink- und Eisen-lonen in der genann-   55 ten~~.
.avnsidsn     .u   i    e~sh              surface a une epaisseur de O,Ot
micron du plus. ten Galvanisierlosung auf emn gowunschtes Niveau
eingestellt wird, indem man metallisches       7. Procede de revetement de
laque par dep6t Eisen und Zink zu der genannten Galvanisier-
electrolytique cationique, caracteris6 en ce qu'il losung zugibt, wodurch
die Konzentration von        consists A former une couche de revetement de
Fe" auf einem niedrigen Niveau gehalten wird.   60   base composee de zinc
ou d'un alliage de zinc sur 14.   Ein   durch   kationische   Elektro-
une surface d'un substrat d'acier au moyen d'une tauchlackierung
uberzogenes Stahimaterial, der      galvanisation A chaud ou d'une
electroplastie et A ein Stahisubstrat sowie eine untere Uberzugs-
former ensuite une couche de revetement de schicht  sowie  eine
kationische  Elektro-         surface composee d'un alliage zinc-fer d'une
tauchlackierungsschicht   aufweist,  dadurch    65   teneur en zinc de 40%
en poids ou moins, sur la 14 C   Lw1|  11|1 *|1  11 11|  
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revetement de base, au moyen d'une          de base en modifiant les
concentrations des [  6lectroplastie ou d'une evaporation sous vide,
sulfates de for at zinc en des vaieurs desirees. puis a appliquer le
revetement de laque par depot       12. Procede selon la revendication 9.
caracterise t'  6lectrolytique cationique sur la couche de revete-     en
ce que Iloectroplastie pour la formation de la ment de surface.
couche de revitement de base prevoit l'utilisation 8. Proced6 selon l8
revendication 7, caracterise    d'une anode insoluble et en ce que le
concen- en ce qu'apres la formation de la couche de           tration des
ions de fer et de zinc du liquide revetement de base, un traitement A chaud
est         d'electroplastie est contr6l6e A un niveau desire applique au
materiau d'acier revetu de la couche      en ajoutant du zinc et du for
metallique A ce de revetement de base a une temperature de 250    10
liquide d'electroplastie, de sorte que la concen- A 600C pour permettre a
une partie du for du         tration de Fe'3 est maintenue A un bas niveau.
substrat d'acier de diffuser dans la couche de          13. Proced6 selon
la revendication 10, carac- revetement de base, avant la formation de la
terise en ce que l'lectroplastie pour la formation couche de revetement de
surface.                      de la couche de revetement de surface prevoit
9. Procede selon la revendication 7, caracterise    15   l'utilisation
d'une anode insoluble et en ce que la en ce que l'electroplastie pour
former le couche      concentration des ions de for et de zinc du liquide
de revetement de base est r6alisee en utilisant un    d'electroplastie est
controlee a un niveau desire liquide d'electroplastie contennant des
sulfates      en ajoutant du for et du zinc metallique audit de fer et de
zinc et 10 g/l ou plusd'acide citrique et  liquide d'dlectroplastie, si
bien que la concen- facultativement un electrolyte de soutien, et ayant
20   tration de Fe"3 est maintenue a un bas niveau. un pH de 2.4 A 4,0.
14. Materiau d'acier revetu d'une laque par 10. Procede selon la
rovendication 7, caracterise   dep6t electrolytique cationique, comprenant
un en ce que l'electroplastie pour la formation de la   substrat d'acier ot
une couche de  sous-revete- couche de revetement de surface est realis~e en
mont, ainsi qu'une coucho do revetement do utilisant un liquide
d'electroplastie contenant des    25   laque par dep6t electrolytique
cationique, carac- sulfates de for et de zinc, 10 g/l ou plus d'acide
trise en ce que la couche de sous-revetement est citrique et
facultativement un electrolyte de         composee de (1) une couche do
base formee sur soutien, et ayant un pH de 2,4 a 4,0.                 une
surface du substrat d'acier et constituee de zinc ou d'un alliage a base de
zinc et (21 d'une 1 1. Procede selon la revendication 7, caracterise   30
couche de surface formee sur la couche de base en ce que la couche de
revetement de base est        et constituee d'un alliage zinc-fer d'une
teneur en form6e par electroplastie utilisant un liquide       zinc de 40%
en poids ou mains. approprie contenant des quantites d6sir6es de
15. Materiau d'acier selon la revendication 14, sulfates de for et de zinc,
10 gl ou plus d'acide    caracteris6 en ce qu'une pellicule de phosphate
citrique et facultativement un electrolyte de    3    est formee entre la
couche do sous-revetement et soutien, et ayant un pH de 2,4 a 4,0; et en ce
que la  la couche de reviterrent de laque. couche de revdtement de surface
est formee par         16. Materiau d'acier selon la revendication 15,
electroplastie  utilisant le  liquide  approprie     caracterise en ce que
la pellicule de phosphate servant A la formation de la couche de revetement
consiste essentiellement en phosphophyllite. 40 1
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