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C.D@ PROCESS FOR PRODUCING Zn-Ni ALLOY-PLATED STEEL SHEET HAVING EXCELLENT PRESS

™  MOLDABILITY.

o

ﬂ-@ A Zn-Ni alloy-plated steel sheet having stable wi.%)-plated steel to dipping, spraying or anodizing
moldability is produced by subjecting the plated using a solution containing one or both HPQ4- and
surface of a Zn-Ni alloy (Ni content: 10 to 17 HPO4,
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SPECIFICATION

TITLE QF THE INVENTION

Method for Producing Zn-Ni Alloy Plated Steel Plate

Having Superior Press Formability

FIELD QOF THE TINVENTION

This invention relates to a method for producing a Zn-
Ni alloy plated steel plate having superior press
formability.

BACKGRQUND QF ART

The Zn-Ni alloy plated steel sheet, strip or plate
exhibits corrosion resistance about five to ten times that
of the Zn-plated steel plate having the same deposited
amount of the plated metal. For this reason, it is used in
an increasiﬁg amount as a sﬁeel plate for coping with the
problem recently presented of eariy corrosion of vehicle
bodies caused by road freezing preventive agents employed in
winter, and is used at various portions from the front
fender to a bonnet and trunk lid outer. Also the present-
day trend is to use a double side plated steel pléte on the
outer surface of the vehicle body with the aim of improving
the corrosion resistance after peel-off of the coating by
the stones or pebbles striking on the outer surface, to
replace the one side plated steel plate during the time of
early usage of the plated steel plates which was aimediat
preventing fusting at the portions where coating may be
insufficient, such as the inner surface of the vehicle body.

For preparing the Zn-Ni plated steel plate, there are
required properties different from those required of the one
side plated plate. -Among these properties is the press
formability.

In view of the above described usage of the single side

plated steel plate, it is a frequent occurrence that the
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inner side of the punch, that is, the cold rolled surface
thereof, turns out to be the protruding surface at the time
of press working, so that the plated surface has little
effect on the press formability.

However, in the case of the double side plated steel
plate, the plated surface turns out to be the protruding
surface at the time of press working, and the friction of
the plated surface itself presents problems. Although the
press working may naturally be facilitated with the use of
the highly viscous press oil at the time of press working,
the customary practice is to apply the rust preventive oil
of low wviscosity to the plated steel plate and to perform
the press working with the rust preventive oil resting on
the plate surface to facilitate the degreasing and coating
at the user. The plated plate i1s required to have
satisfactory workability with the rust preventive oil
applied thereto. ’

As the method for improving the press formability of
the Zn-Ni alloy plated plate, there is known a method
consisting in applying a Zn-Ni alloy plating in double
layers to increase the Ni contents of the upper layer, as
disclosed in the Japanese Patent Application KOKAI
No.141894/1985.

This method utilizes the so-called powdering of the
upper Zn-Ni plating layer to improve the press workability,
the peeled-off powders are placed and heaped on the press
mold surface, in case of continuous stamping of a lafge
number of samples, thus causing the problem of pimples.

DISCLOSURE OF THE INVENTION
The present invention contemplates to eliminate the
lowering of the press formability caused by the frictional
resistance of the plated surface of the Zn-Ni alloy plated
steel plate, and is aimed to improve the press formability
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without accompanying powdering of the plated layer, such as
is encountered in the prior art. ’

Thus, according to the first aspecﬁ of the present
invention, there is provided a method for producing a zZn-Ni
alloy plated steel plate having superior press formability
comprising the steps of plating the surface of a steel plate
with a Zn-Ni alloy having the Ni contents of 10 to 17 wt.$%
and subjecting the plated surface to a dipping treatment
using a solution containing one or both of HyPO4~ and HPO42-
ions.

According to the second aspect of the present
invention, there is provided a method for producing a Zn-Ni
alloy plated steel plate having superior press formability
comprising the steps of plating the surface of a steel plate
with a Zn-Ni alloy having the Ni contents of 10 to 17 wt.$%
and subjecting the plated surface to a spraying treéatment
using a solution containing one or both of HyP04~ and HPO42™
ions. .

According to the third aspect of tﬁe present invention,
thefe is provided a method for producing a Zn-Ni alloy
plated steel plate having superior press formability
comprising the steps of plating the surface of a steel plate
with a Zn-Ni alloy having the Ni contents of 10 to 17 wt.%
and subjecting the plated surface to an anodic treatment
using a solution containing one or both of HyPO4~ and HPO42-

ions.

BRIEF DESCRIPTION OQF THE DRAWINGS
Fig.1l is a chart showing the limiting drawing ratio
(LDR) for illustrating the effect of the present invention
following the dipping treatment.
Fig.2 is a chart showing changes of the limiting
drawing ratio (LDR) after the dipping treatment.
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Fig.3 is a chart showing the result of comparison
between the LDR of the Zn-Ni alloy plated plate and that of
the cold rolled plate.

Fig.4 is a diagrammatic view showing a cylindrical deep
drawing tester.

Fig.5 is a diagrammatic view showing a friction
measurement tester.

Fig.6 shows the difference in the friction between the
Zn-Ni alloy plated plate and the cold rolled plate.

BEST EMBODIMENT OF PRACTICING THE INVENTION

The process under which the present invention has been
arrived at is first explained.

Fig.3 shows the relative ease with which the cold
rolled plate, the single-side Zn-Ni alloy plated steel plate
and the double-side Zn-Ni élloy plated steel plate are
expressed in terms of the limiting drawing ratio (LDR) in a
cylindrical deep drawing testing. The limiting drawing
ratio was measured by taking the ratio of the punch diameter
to the blank diameter when a test plate is broken as the
blank diameter is changed between the values of 60 and 80 mm
using a cylindrical deep drawing tester shown in Fig.4. The
testing was performed so that the cold rolled surface of the
single-side Zn-Ni alloy plated steel plate turned out to be
the protruding surface. The rust preventive oil
manufactured by the Idemitsu Kosan Co. Ltd. under the trade
name of "Daphney 0il Coat" and a predetermined steel plate
type corresponding to SPCC was employed to check only for
the effects on the plated layer. The amount of deposition
on one side of the plated layer was 30 g/m2, while the Ni
contents were 12.5%.

It is seen from this figure that the double-side plated
plate is low in LDR and markedly inferior in press
formability as compared with the cold rolled plate. Since
the plated steel plate is a substitute material for cold
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rolled plate, it is pressed on a press mold designed for use
with cold rolled plates. It was found that the tested plate
was broken on a press mold designed for use exclusively with
ultra deep drawing steel plate.

Since it was felt that the low value of LDR of the
plated plate could possibly be attributed to the friction on
the surface of the plated plate, the frictional resistance
on the surface of the plated plate was tentatively measured
by a friction measurement tester. The tester used in this
test is shown diagrammatically in Fig.5. With this tester,
the value of the frictional force is assessed from the value
of the load required when a sample in the sandwiched state
is tracted at a predetermined traction speed. The testing
was performed without lubricant. Fig.6 shows the test
results.

It is thought that, as may be seen from this figure,
the cold rolled plate differs from the plated plate in
surface friction, and this difference possible affects the
formability. ' .

Our eager researches were then directed to
clarification of the factors governing the friction
coefficient of the plated surface of the Zn-Ni alloy plated
steel plate. These researches led to the following finding:
i) Changes in the outermost layer of the plated layer
result in changes in press formability.

ii) The cold rolled plate is not affected markedly in
quality as a result of plating.

Our researches were continued with reference to the
above feature i) and it was now found that the press
formability could be improved markedly by dipping the Zn-Ni
plated surface with the use of a solution containing one or
both of HyPO4~ ions -and HPO42~ ions.

Fig.1l shows the changes in LDR when the Zn-Ni alloy
plated plate was dipped for four seconds in the following
solutions. The amount of deposition on one side of the
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plated plate was 30 g/m?, the Ni contents were 12.5 % and
the type of the steel used was SPCC.

processing solution NaHpPQOy4 200 g/1
KoHPOy 150 g/1

temperature 60°C

pH 5.8

It is seen that treatment by this solution of the
plated plate results in improved LDR. The results of glow
discharge spectroscopy (GDS) revealed that the P peak exists
on the surface of the plated plate following the dipping and
that this P on the plated plate surface possibly results in
improved lubricating properties and improved press
formability.

Based on the above theoretical éonsiderations, the
practical constructiqn of the present&invention will be
explgined in more detail. ‘

The solution employed in the dipping treatment may
contain one or both of HyPO4~ ions and HPO42~ ions.

Although there is no limitation to the concentration or
temperature of the solution, since some time may be involved
due to the dipping treatment until the effect is displayed,
it is preferred that the temperature and the concentration
be elevated for more prompt effects. For short time
treatment of less than 10 seconds, suited for industrial
production, it is preferred that the dipping temperature be
not lower than 40 °C and the concentration in the dipping
solution of the HyPOs~ and HPO42~ summed together be not less
than 100 g/1.

The Ni contents in the plated plate employed are
preferably 10 to 17 wt.% and more preferably 11 to 15 wt.%.
The contents lower than 10 wt.% are not effective in the
case of the present method, while the contents in excess of

17 wt.% tend to cause powdering in the Zn-Ni plated layer.
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It is for this reason that the Ni contents of the Zn-Ni
alloy plated steel plate of the present invention are
limited to the range of 10 to 17 wt.%. In the meantime,
addition of Co, Fe, Cr, Cu, Mn, Al etc. in an amount of not
more than several percent for further improving the
corrosion resistance may be made without departing from the
purport of the present invention.

The pH of the solution is preferably 4 to 10. With the
pPH lower than 4, Zn, above all, of the plated layer is
dissolved severely thus decreasing the amount of deposition
of the plated material. On the other hand, with the pH
above 10, the effect in improving the press formability is
annulled. It is for this reason that the pH of the solution
is limited to 4 to 10.

The positive ions of K*, Nat, Mg2*, Ca2* or Al3* etc. in
the employed solution should be electro-chemically less
noble than Zn and Ni. It is because metals electro-
chemically less noble than Zn and Ni undergo a substitution
reaction with Zn or Ni to be precipitated on the plated
surface to degrade the appearance wheﬁ the plated plate is
dipped in a solution containing metal ions. The amount of P
on the plated surface, when reckoned as P, is preferably 0.1
to 5 mg/m%. With the amount lower than 0.1 mg/m2, the
effect is annulled. On the other hand, with the amount in
excess of 5 mg/m2, phosphatability is deteriorated.

The treatment by the solution containing HPO42- and/or
H2PO4™ may also be made by spraying by the above solution,
in place of the above described dipping. The operating
conditions at this time may be approximately the same as
those obtained in the dipping treatment.

Also, for improving the press formability of the Zn-Ni
alloy plated steel plate, anodic treatment in the above
solution may also be performed in place of the dipping and

spraying methods. The conditions for anodic treatment
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include 100 c(coulomb)/dm? since the plated layer, above all

7zn tends to be dissolved in excess of 100 c/dm2.

EXAMPLES
_ In Table 1, the steel plate samples, plating and
dipping conditions and the press formability expressed as
LDR, are shown collectively. As the lube oil, the "Daphney
0il Coat Z5", a rust preventive 0il manufactured by the
Idemitsu Kosan Co: Ltd., was used in all cases.

For Example 1 and Comparative Examples 1 and 2, the LDR
values are shown in Fig.2 for more clear demonstration of
the effects of the present invention.

The examples of spraying and anodic treatment are also
shown in Table 2. It may be seen that the Zn-Ni alloy
plated steel plate having stable press formability may be
obtained by these treatments as by the above described
dipping treatment. '
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INDUSTRIAL UTITLIZABILITY

According to the present invention, the plated surface
of a Zn-Ni alloy plated steel plate is treated by dipping,
spraying or by anodic treatment by a solution containing
HPO42~ and/or HPO4~, whereby
i) press formability of the Zn-Ni alloy plated steel plate
is improved to the level of the cold rolled plate, and press
cracking at the time of press working is eliminated; and
ii) press formability is similar for any contents of Ni
within the range éf the Ni contents of 10 to 17 wt.%, so
that fluctuations in press workability caused by
fluctuations in the composition of the plating bath or line
speed is eliminated;

so that the Zn-Ni alloy plated steel plate having
stable formability may be produced with significant
industrial advantages.
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WHAT IS CIAIMFD IS:

(1) A method for producing a Z2n-Ni alloy plated steel plate
having superior press formability comprising the steps of
plating the surface of a steel plate with a Zn-Ni alloy
having the Ni contents of 10 to 17 wt.% and subjecting the
plated surface to a dipping treatment using a solution
containing one or both of HyPO4~ and HPO42~ ions.

(2) A method for producing a Zn-Ni alloy plated steel plate
having superior press formability comprising the steps of
plating the surface of a steel plate with a 2n-Ni alloy
having the Ni contents of 10 to 17 wt.% and subjecting the
plated surface to a spraying treatment using a solution
containing one or both of HpPO4~ and HPO42~ ions.

(3) A method for producing a Zn-Ni alloy plated steel
plate having superior press formability comprising the steps
of plating the surface of a steel plate with a Zn-Ni alloy
having the Ni contents of lofto 17-wt.% and subjecting the

plated surface ﬁo an anodic treatment using a solution
.containing one or both of HyPO4~ and HPO42- ions.
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