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57 ABSTRACT 

An electroplated steel plate product with a zinc-rich 
deposit on the steel surface, said deposit comprising 
an oxide of molybdenum and tungsten (including hy 
drated oxides), and/or the total amount in the oxide 
being about 0.05 to about 2 weight percent of the de 
posit. In addition, the deposit may further include at 
least one additional material selected from the group 
consisting of iron, nickel, cobalt, tin and lead, and 
compound of said metal, the total metal content of the 
said additional material being about 0.5 to about 15 
weight percent of the deposit. 

2 Claims, No Drawings 
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ELECTROPLATED STEEL, SHEET 

BACKGROUND OF THE INVENTION 

The present invention relates to electroplated steel 
products and a method of producing an electroplated 
steel plate or sheet having excellent corrosion resis 
tance and formability suitable for coating paint or syn 
thetic resin enamel on the surface thereof. 

OBJECT OF THE INVENTION 

Thus, it is an object of the present invention to pro 
vide a steel sheet or plate which, when coated with a 
paint, has excellent paint adhesion properties, as well 
as excellent corrosion resistance and formability when 
paints made of resins such as melamine, acrylic, epoxy, 
vinyl or others are applied onto the steel sheet. 

BRIEF DISCUSSION OF THE PRIOR ART 

Zinc is electrochemically so active that the phenome 
non of white rust or self dissolution of zinc coating eas 
ily occurs, especially in corrosive circumstances, such 
as wet, salty or acidic atmospheres. Though its corro 
sion resistance can be improved by applying some or 
ganic coatings, in many cases its paint adhesion prop 
erty is not satisfactory. 
Therefore, many attempts have been made to im 

prove the above-mentioned defects of zinc coated steel 
surfaces. One of them is chemical or electrolytical post 
treatment, and another is the galvannealing process. 
Conventional, well-known methods of post 

treatment generally comprise: 
1. Dipping of zinc coated steel in a chromic acid base 
or phosphoric acid base solution. 

2. Coating a zinc coated surface with a solution of 
chromic acid base or phosphoric acid base. 

3. Treating the zinc or zinc alloy surface in a solution 
which has a high pH value on the alkaline side 
(more than 11) and contains at least one metal ion 
selected from the group consisting of silver, magne 
sium, cadmium, molybdenum, aluminum, titanium, 
chromium and others, and further containing 
enough complexing agent to dissolve the metal ions 
(Japanese Patent No. 531221). 

These treatments will prevent white rust and enhance 
paint adhesion, but the treatments are effective for only 
a short period of time. The reason is that the paint ad 
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hesion quickly deteriorates because the corrosion of 50 
the zinc coating is accelerated by mechanical damage 
or chemical self-deterioration of the treated film. So it 
is conventional to overcoat the surface with organic 
finishes. 
On the other hand, the galvannealed steel sheet, (the 

surface layer of which consists of a zinc-iron alloy) has 
better paint adhesion and corrosion resistance than a 
conventional electrogalvanized steel sheet, but a zinc 
iron alloy layer has rather poor formability, and there 
fore, after forming, the paint adhesion deteriorates be 
cause of the fractures of the zinc-iron alloy layer. 
The present invention is based upon the technologi 

cal discovery that the passive properties of a zinc-rich 
deposit with at least one oxide of molybdenum and/or 
tungsten is effective to restrain the dissolution of zinc 
under corrosive conditions so that excellent corrosion 
resistance and paint adhesion can be obtained. 
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SUMMARY OF THE INVENTION 

Generally speaking, the present invention contem 
plates providing an electroplated steel product with a 
zinc-rich deposit on the steel surface, the deposit com 
prising (l) an oxide (and as used herein, this term in 
cludes hydrated oxides) of molybdenum and tungsten, 
and/or (2) in addition, the deposit may also include at 
least one of the metals or metal compounds selected 
from the group consisting of iron, nickel, cobalt, tin 
and lead, so as to give to the finished product excellent 
corrosion resistance and formability. As the base metal 
employed in the present invention, the plate, cut sheet, 
or strip of steel or iron is most convenient, and the term 
base metal, as used herein, refers to such a plate, cut 
sheet, or strip of steel or iron, which hereinafter for 
convenience, is referred to as a sheet. 
The electroplated steel sheet contemplated herein is 

produced by cathodically electroplating the steel sheet 
in an aqueous solution which comprises mainly water 
soluble, or bath soluble zinc compounds, and at least 
one compound of molybdenum or tungsten. Or, an 
other method of producing the electroplated steel sheet 
is by cathodically electroplating the steel sheet in an 
aqueous solution which comprises mainly a water solu 
ble, or bath soluble zinc compound, and at least one 
compound of molybdenum or tungsten, and further in 
cludes at least one water soluble or bath soluble metal 
compound of iron, nickel, cobalt, tin or lead. 

DETAILED DESCRIPTION 
The composition of the deposit of the present inven 

tion is classified into two main groups, namely, (1) the 
deposit which comprises at least one of the oxides of 
molybdenum and tungsten, the total metal amount in 
said oxides being about 0.05 to about 2 weight percent 
of the deposit, and the balance zinc, and (2) the deposit 
which comprises at least one of the oxides of molybde 
num and tungsten, the total metal amount in said ox 
ides being about 0.05 to about 2 weight percent of the 
deposit, and further includes at least one metal or metal 
compound of the group consisting of iron, nickel, co 
balt, tin and lead, the total metal amount of the addi 
tional metal or metal compound being about 0.5 to 
about 15 weight percent of the deposit, and the balance 
zinc. 
The electroplated steel sheet produced according to 

the present invention can be surface coated with con 
ventional coating materials, such as paint, varnish, lac 
quer and other organic finishes, among which are acryl 
based paint, melamine based paint, epoxy based paint, 
vinyl based paint, vinyl chloride based paint, oil based 
paint and other paints. 
As to the methods of applying these coating materials 

to the electroplated steel sheet of the present invention, 
there can be utilized roller coating, spray coating, knife 
coating, laminating, injection coating, electrostatic 
coating, and others. 
The electroplated steel sheet according to the pres 

ent invention is produced by the following method. 
The steel sheet is subjected to a conventional pre 

treatment such as pickling with acids after degreasing 
with alkalis, or pickling with acids only, or degreasing 
with alkalis only, and rinsing with water. Then, the steel 
sheet is put into an electrolytic bath and cathodically 
plated. The composition of the bath is mainly water sol 
uble or bath soluble zinc compounds, (for example, 
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zinc sulfate, zinc chloride, zinc acetate, zinc fluobo 
rate) and at least one water soluble or bath soluble 
compound of molybdenum and tungsten. (For exam 
ple, ammonium molybdate, sodium molybdate, potas 
sium molybdate, ammonium tungstate, sodium tung 
state, potassium tungstate). 

Also, another bath composition for the present in 
vention is mainly water soluble or bath soluble zinc 
compounds, at least one water soluble or bath soluble 
compound of molybdenum and tungsten, and further, 
at least one water soluble or bath soluble compound of 
iron, nickel, cobalt, tin or lead, (for example, iron sul 
fate, nickel sulfate, cobalt sulfate, stannous sulfate, iron 
nitrate, nickel nitrate, cobalt nitrate, lead nitrate, iron 
chloride, nickel chloride, cobalt chloride, tin chloride, 
cobalt acetate, lead acetate). 
However, as the composition of the deposit changes 

owing to current density, bath temperature, bath con 
centration, degree of agitation and other factors, the 
electrolysis operation should be controlled so that the 
composition of deposit is within the range of the com 
position of deposit of the present invention. The ap 
pearance of the treated surface with regard to the de 
posit formed changes with the kind or amount of the 
additional element. The color of the deposit changes 
depending upon the conditions of electrolysis, for ex 
ample, blue, gray, brown or black. The deeper the de 
gree of tint, the better the corrosion resistance, the 
formability and paint adhesion. However, if the compo 
sition of the deposit is not within the range of the com 
position of the present invention, the formability be 
comes poor, as hereinafter described. 
For the purpose of giving those skilled in the art a 

better understanding of the invention, the following il 
lustrative examples are given. 

EXAMPLE 1 

A 0.45 mm thick low carbon steel sheet was cathodi 
cally cleaned for 15 seconds at a current density of 3 
Alsa.dm at 70°C in a sodium hydroxide (70 g/liter) so 
lution, and rinsed with water, then pickled for 5 sec 
onds at room temperature in a sulfuric acid (70 g/liter) 
solution, and again rinsed with water. Then the steel 
sheet was put in an electrolytic bath and direct current 
was applied, wherein the steel sheet acted as the cath 
ode and zinc acted as the anode. The composition of 
the bath was: zinc sulfate 250 g/liter, aluminum sulfate 
20 g/liter, ammonium molybdate 4 g/liter and sodium 
sulfate 30 g/liter. The temperature was 45°C, current 
density was 20 A/sq.dm, and treating time was 16 sec 
onds. The amount of the deposit formed was 10 g/sq.m. 
The color of the deposit formed was blue-gray. As a re 
sult of the electron-diffraction analysis, it was estab 
lished that the deposit formed was composed of Zn, Zn 
(OH), ZnO, MoC), Mo.O, and minor amounts of con 
stituents. According to the quantitative analysis, the 
total molybdenum metal amount in the molybdenum 
oxides was 0.5 weight percent of the deposit. The prop 
erties of the sample are indicated as No. 5 in the Table 
given hereinafter. 

EXAMPLE 2 

The same low carbon steel sheet as described in Ex 
ample 1 was subjected to the same pre-treatment, as 
described in Example 1. After that, the steel sheet was 
cathodically treated for 15 seconds at 45°C at a current 
density of 20 A/sq.dm in an electrolyte containing 250 
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4. 
g/liter zinc sulfate, 0.5 g/liter ammonium molybdate 
and 30 g/liter cobalt sulfate. The amount of the deposit 
formed was 10 g/sq.m. From the result of the electron 
diffraction analysis, it was found that the deposit 
formed was composed of Zn, Zn (OH), ZnO, MoC), 
Mo.O., Co(OH)2, CoO, and other minor constituents, 
and the total molybdenum metal amount in the molyb 
denum oxides and total cobalt metal amount was 0.5 
and 3.0 weight percent of the deposit, respectively. 
The salt spray test provided by JIS (Japanese Indus 

trial Standard) Z 2371 was applied (first) to the elec 
troplated steel sheet produced according to the present 
invention; (second) to a conventional zinc-cobalt alloy 
plated steel sheet (coating weight 10 g/sq.m.) contain 
ing 2 weight percent of cobalt; and, (third) to a conven 
tional electrogalvanized steel sheet (coating weight 10 
g/sq.m.). The (first) electroplated steel sheet according 
to the present invention showed no red, rusty spots 
after 12 hours; in the case of the (third) conventional 
electrogalvanized steel sheet, 80 to 100 percent of the 
total surface was covered with red, rusty spots. The 
(second) conventional zinc-cobalt alloy plated steel 
sheet showed rusty spots which covered 50 percent of 
the total surface. From the results of successive tests, 
the electroplated steel sheet according to the present 
invention was proved to withstand about 4 times longer 
in corrosion resistance tests in comparison with con 
ventional electrogalvanized steel sheets. 
The conventional electrogalvanized steel sheet was 

then treated in a phosphate based solution and rinsed 
with water, then treated in the chromate based solu 
tion. The conventional electrogalvanized steel sheet, 
which has 20 mg/sq.dm of phosphate film on the sur 
face by the conventional phosphating treatment and 
0.2 mg/sq.dm, of elemental chromium in chromate film 
overlaid by the conventional chromating treatment, re 
vealed as many blisters as those of the zinc-cobalt alloy 
plated steel sheet after 500 hours of paint adhesion test 
described in (c) in Note: 3 of the Table, whereas the 
electroplated steel sheet according to the present in 
vention showed no evidence of blisters. 
These same samples were coated with 250 mg/sq.dm 

of a melamine based paint and cross hatched on the 
paint film baked, then immersed in running water for 
half a year, after that period, a piece of adhesive tape 
was applied firmly on the surface thereof and then 
pulled off quickly. Whereupon the conventional elec 
trogalvanized steel sheet showed many blisters and ad 
hesion loss of paint film was 20 percent. In case of the 
zinc-cobalt alloy plated steel sheet there were many 
blisters and adhesion loss of paint film was 15 percent. 
On the other hand, the electroplated steel sheet ac 
cording to the present invention could withstand the 
running water exposure test for more than one and a 
half year, without any signs of blisters and adhesion loss 
of paint film did not occur. 
Furthermore, it was found that the electroplated steel 

sheet according to the present invention, which is 
coated with 70 mg/sq.dm, of acryl based adhesive agent 
and then with 0.2 mm thick polyvinyl chloride thereon, 
had much higher resistance to the degradation of film 
adhesion in the said running water exposure test than 
the conventional electrogalvanized steel sheet. The 
properties of this sample are indicated as No. 1 1 in the 
Table. 
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EXAMPLE 3 

Low carbon steel sheet, as described in Example 1 
was subjected to the same pre-treatment as described 
in Example 1. Then, the steel sheet was cathodically 
treated for 16 seconds at 45°C at a current density of 
20 A?sadm in an electrolyte containing 250 g/liter of 
zinc sulfate, 0.5 g/liter of ammonium molybdate and 
0.5 g/liter of sodium tungstate. The amount of the de 
posit formed was 10 g/sq.m. The color of the deposit 
formed was blue-gray. As a result of electon-diffraction 
analysis, it was found that the deposit formed was com 
posed of Zn, Zn (OH), ZnO, MoC), Mo.O., WO, 
WO, and other minor constituents, and the total mo 
lybdenum and tungsten metal amount in the said mo 
lybdenum oxides and tungsten oxides was 0.5 and 0.2 
weight percent of the deposit, respectively. The proper 
ties of this sample are indicated as No. 14 in the Table. 

EXAMPLE 4 

The low carbon steel sheet as described in Example 
1 was subjected to the same pre-treatment as described 
in Example 1. After that, the steel sheet was cathodi 
cally treated for 16 seconds at 45°C at a current density 
of 20 A/sq.dm in the electrolyte containing 250 g/liter 
of zinc sulfate, 0.5 g/liter of ammonium molybdate and 
50 g/liter of nickel sulfate. The amount of the deposit 
formed was 10 g/sq.m. The color of the deposit formed 
was gray. As a result of the electron-diffraction analy 
sis, it was found that the deposit formed was composed 
of Zn, Zn (OH), ZnO, MoC), Mo.O., Ni, and other 
minor constituents, and the total molybdenum metal 
amount in the said molybdenum oxides and the total 
metal amount of nickel was 0.3 and 2 weight percent 
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ample 1 was subjected to the same pre-treatment as de 
scribed in Example 1. Then the steel was cathodically 
treated for 16 seconds at 45°C at a current density of 
20 A?sadm in the electrolyte containing 60 g/liter of 
zinc sulfate, 150 g/liter of zinc acetate, 0.5 g/liter of 
ammonium molybdate and 60 g/liter of lead acetate. 
The color of the deposit formed was gray. As a result 
of the electron-diffraction analysis, it was found that 
the despoit formed was composed of Zn, Zn(OH), 
ZnO, Moo, Mo.O.s, Pb, and other minor consitutents, 
and the total molybdenum metal amount in the said 
molybdenum oxides and total metal amount of lead was 
0.2 and 5 weight percent of the deposit, respectively. 
The properties of this sample are indicated as No. 22 
in the Table. 
Regarding the electroplated steel sheet according to 

the present invention, the relationship between the var 
ious compositions of the deposit and their properties 
are indicated in the Table. 

In the case of group (1) of the combination composi 
tion of deposit according to the present invention, 
when the total molybdenum metal amount of the mo 
lybdenum oxides was as low as 0.04 weight percent of 
the deposit (listed as No. 3 in the Table), the molybde 
num oxides had no effect, and the properties were poor 
(Sample No. 1 in the Table), according to the conven 
tional electrogalvanizing process. However, the exis 
tence of 0.05 weight percent of molybdenum metal 
amount (listed as Sample No. 4 in the Table), accord 
ing to the present invention resulted in excellent corro 
sion resistance and good resistance to the degradation 
of paint adhesion. However, in case of more than 2 
weight percent of molybdenum metal amount, the sam 
ple (listed as No. 6 in the Table) revealed poor form 

of the deposit respectively. The properties of this sam- as ability. 
ple are indicated as No. 21 in the Table. In the case of group (2) of the combination of com 

EXAMPLE 5 position of deposit according to the present invention, 
when the total molybdenum metal amount in the mo 

The same low carbon steel sheet as described in Ex- lybdenum oxides was 0.05 weight percent of the de 
ample was subjected to the same pre-treatment as de- 40 posit, and further, the total iron metal amounted to 15 
scribed in Example 1. Then the steel sheet was cathodi- weight percent of the deposit, according to the samples 
cally treated for 16 seconds at 50°C at a current density (listed as No. 15, No. 16, and No. 17 in the Table), ac 
of 20 A?sadim in the electrolyte containing 250 g/liter cording to the present invention, an excellent effect for 
of Zinc sulfate, 2 g/liter of ammonium molybdate and improving the properties of deposits was found. 
30 g/liter of ferrous sulfate. The color of the deposit 45 Namely, the existence of the molybdenum oxides and 
formed was black-blue. As the result of the electron- metal or compounds of iron resulted in excellent resis 
diffraction analysis, it was found that the deposit tance against the degradation of paint adhesion in com 
formed was composed of Zn, Zn (OH), E. parison with Sample No. 4 or No. 2 in the Table ac 
Mo.O., Fe, and other minor constituents, and the tota cording to the conventional zinc iron alloy plating pro 
molybdenum metal amount in the said molybdenum 50 cess. On the other hand, even when the total molybde 
oxides and the total metal amount of iron was 0.7 and num metal amount in molybdenum oxides was 0.5 
3 weight percent of the deposit, respectively. The prop- weight percent of the deposit, if the total iron metal 
erties of this sample are indicated as No. 16 in the Ta- amount exceeded 15 weight percent of the deposits, as 
ble. - shown in No. 18 in the Table, the effect for the resis 

EXAMPLE 6 55 tance against the degradation of paint adhesion was sat 
The same low carbon steel sheet as described in Ex- urated, and conversely the formability became worse. 

TABLE 

Film Composition Properties 
(b) Formability (c) Paint Adhesion (a) Corrosion No. Metal Component Weight Percent Resistance Performance 

I Zn 100 C A 
2 Zn-Fe 90.0 C C C-B 
3 Zn-Mo 99.96-0.04 C A. C 
4 Zn-Mo 99.95-0.05 B A B 
5 Zn-Mo 99.50-0.50 B A A 
6 Zn-Mo 97.50-2.50 A - - A 
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Table-Continued 

Film Composition Properties 
No. Metal Component Weight Percent (a) Corrosion (b) Formability (c) Paint Adhesion 

Resistance Performance 

7 Zn-Mo-W 99.95-002-0.03 B A B-A 
8 Zn-Mo-W 99.70-0. 0-0.20 B-A A B-A 
9 Zn-Mo-W 99.30-0.5.0-0.20 B A B-A 
O Zn-Mo-Co 99.45-0.05.050 B-A A B-A 
1 Zn-Mo-Co 96.50-0.50-300 B A A. 
2 Zn-Mo-Co 84.95-0.05-15.00 A A A 
3 Zn-Mo-Co 82.95-0.05-7.00 A C A 

14 Zn-Mo-W-Co 99.30-0.10-0. 0-0.50 A A A 
15 Zn-Mo-Fe 99.45-0.05-0.50 B A B-A 
6 Zn-Mo-Fe 96.30-0.70-300 B A A 
7 Zn-Mo-Fe 84.95-0.05-15.00 B A A 

18 Zn-Mo-Fe 80.50-0.50-19.00 B C A 
19 Zn-Mo-Ni 99.70-0.10-0.20 B-A A A 
20 Zn-Mo-Ni 99.90-005-0.05 B-A A B-A 
21 Zn-Mo-Ni 97.70-0.30-20 B A A 
22 Zn-Mo-Pb 94.80-0.20-50 B A B-A 

Note: 1 The deposit weight of Samples No. 5, No. 9, No. 1 1, No. 16, No. 21, and No. 22 was 10 g/sq.m. The 
deposit weight of 
the other Samples 
was 30 g/sq.m. 

Note: 2 Samples No. 1 and No. 2 in the Table were treated in the phosphate based solution. The weight of the 

Phosphate film was 
glsa.m. 

Note: 3 The method for testing properties in the Table: 
a. Corrosion Resistance - The salt spray test provided by JIS (Japanese lindustrial Standard) Z2371 was practiced for those samples, and the red rust spots developed after 
100 hours was observed. Test results are classified into 3 classes: A, B, and C. 
A means that no area of rusty spots was found. 
B means that the area of rusty spots was 20 to 40 percent. 
C means that the area of rusty spots was 80 to 100 percent. 
b. Formability - Samples were coated with 200 mg/sq.m of alkyl based paint and deeply drawn to the cup (drawing ratio: 2.0) and a piece of adhesive tape was applied 
firmly on the deeply drawn part of the cup and then pulled off quickly. Test results are classified into 3 classes: A, B, and C. 
A means that no adhesion loss. of the coated paint was found. 
B means that adhesion loss of the coated paint was 20 to 40 percent. 
C means that adhesion loss of the coated paint was 80 to 100 percent. 
c. The Resistance Against the Degradation of Paint Adhesion - Samples were coated with 250 mg/sq.m of melamine based paint, cross hatched with a razor on the paint 
film and subjected to the saltspray test for 500 hours according to JIS z 2371. Then, blisters on the cross hatched part were observed. The results are classified into 3 classes: 
A, B, and C. 
A means that no blisters were found on the cross hatched part. 
B means that some blisters were found on the cross hatched part. 
C means that many blisters were found on the cross hatched part. 

One of the reasons why the electroplated steel sheet, 
according to the present invention, has excellent resis 
tance against degradation of paint adhesion, has good 
formability, and good corrosion resistance, is because 
of the effect of metal oxides in the deposit formed. The 
behavior of the metal oxides and metal compounds 
which produce the excellent properties hereinbefore 
described is believed to be that when some corrosive 
substances permeate through the paint layer perpen 
dicularly to the electroplated steel sheet, the oxides and 
compounds of such metals as molybdenum, tungsten, 
iron, nickel, cobalt, tin, and lead are effective to pre 
vent the propagation of zinc dissolution along the hori 
zontal directions and thus prevent the direct reaction 
of the steel base with corrosive substances. 
We claim: 
1. An electroplated steel product having a zinc-rich 

deposit on the steel surface, said product is formed in 
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an acidic aqueous electrolytic bath, and said deposit 
comprising at least one of the oxides, of molybdenum 
and tungsten, the total amount of metal in said oxide 
being from 0.05 to 2 weight percent of the deposit. 

2. An electroplated steel product with a zinc-rich de 
posit on the steel surface, said deposit comprising at 
least one oxide material selected from the group con 
sisting of the oxides of molybdenum and tungsten, the 
total amount of molybdenum and tungsten being about 
0.05 to about 2 weight percent of the deposit, and fur 
ther, including at least one additional material selected 
from the group consisting of iron, nickel, cobalt, tin 
and lead, and oxides and hydroxides of said metals, the 
total metal content of the said additional material being 
about 0.5 to about 15 weight percent of the deposit said 
product having been formed by electro-deposition in 
an acidic aqueous electrolytic bath. 

is + k + k, 


