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DESCRIPTION 

 

SURFACE-TREATED STEEL SHEET AND METHOD FOR MANUFACTURING THE SAME 

 

 TECHNICAL FIELD 5 

[0001] The present invention relates to a surface-treated steel sheet, 

and a method for manufacturing the same. 

 

 BACKGROUND ART 

[0002] In recent years, portable devices, such as audio devices and 10 

cell phones, have been used in many fields, and as their operating power 

sources, alkaline batteries, which is primary batteries, and nickel 

hydrogen batteries, lithium ion batteries and the like, which are 

secondary batteries, are widely used.  For these batteries, the performance 

enhancement including output raising and life elongation is demanded, and 15 

also for battery cases for packing power generating elements including a 

positive electrode active substance, a negative electrode active substance 

and the like, the improvement of the performance of the case as an 

important constituent element of batteries is demanded. 

[0003] For example, in Patent Document 1, there is disclosed a battery 20 

case having a specific nickel-cobalt alloy layer formed on the outermost 

surface which is to be the inner surface of the battery case in view of 

improving the battery characteristics when used as a battery case. 

 

 PATENT DOCUMENT 25 

[0004] Patent Document 1: International Publication No. WO2012/147843 

 

 SUMMARY OF THE INVENTION 

 PROBLEM TO BE SOLVED BY THE INVENTION 
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[0005] However, in the case of using the battery case of the above 

Patent Document 1 as a battery case of a battery using a strong alkaline 

electrolyte solution, such as an alkaline battery, a nickel hydrogen 

battery or the like, a problem of this case is that the contact resistance 

value of the inner surface of the battery case contacting with the 5 

electrolyte solution rises along with lapse of time to impair the battery 

characteristics.  With regard to this problem, further improvements of 

battery characteristics are demanded, including the suppression of 

impairing the battery characteristics after lapse of time. 

[0006] An object of the present invention is to provide a surface-10 

treated steel sheet excellent in battery characteristics and capable of 

suppressing impairing the battery characteristics also after lapse of 

time, in the case of its use as a battery case of a battery using a strong 

alkaline electrolyte solution.  The present invention has also an object to 

provide a method for manufacturing such a surface-treated steel sheet. 15 

 

 MEANS FOR SOLVING THE PROBLEM 

[0007] As a result of exhaustive studies to achieve the above objects, 

the present inventors have found that the above objects can be achieved by 

a surface-treated steel sheet including a steel sheet and a nickel-cobalt-20 

iron diffusion layer as an outermost surface layer formed on the steel 

sheet when controlling the content of Co and the content of Fe in the 

surface of the nickel-cobalt-iron diffusion layer within respective 

specific ranges, as determined by a radio frequency glow discharge optical 

emission spectrometry on the surface-treated steel sheet, and this finding 25 

has led to the completion of the present invention. 

[0008] Specifically, according to the present invention, there is 

provided a surface-treated steel sheet comprising a steel sheet and a 

nickel-cobalt-iron diffusion layer formed as an outermost surface layer on 

the steel sheet, wherein when a content of Ni, a content of Co and a 30 
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content of Fe of the nickel-cobalt-iron diffusion layer are determined 

based on a Ni intensity, a Co intensity and a Fe intensity each 

sequentially measured in the depth direction from the surface side of the 

nickel-cobalt-iron diffusion layer by a radio frequency glow discharge 

optical emission spectrometry, a content of Co at a specific depth 5 

position D, InCo_D, is 5% by mass or higher and a content of Fe at the 

specific depth position D, InFe_D, is 11% by mass or higher, the specific 

depth position D being a position where the Ni intensity is 0.5% of the 

maximum value of the Ni intensity. 

[0009] In the surface-treated steel sheet according to the present 10 

invention, it is preferable that the nickel-cobalt-iron diffusion layer 

have a content of cobalt of 0.2 g/m2 or higher. 

 In the surface-treated steel sheet according to the present 

invention, it is preferable that the nickel-cobalt-iron diffusion layer 

has RFe/Co (InFe_D/InCo_D) of 0.5 to 20, the RFe/Co (InFe_D/InCo_D) being a ratio of 15 

the content of Fe, InFe_D, with respect to the content of Co, InCo_D. 

 It is preferable that the surface-treated steel sheet according to 

the present invention further comprise an iron-nickel diffusion layer 

between the steel sheet and the nickel-cobalt-iron diffusion layer. 

[0010] According to the present invention, there is provided a battery 20 

case comprising any of the above surface-treated steel sheets. 

 According to the present invention, there is further provided a 

battery comprising the above battery case. 

[0011] According to the present invention, there is also provided a 

method for manufacturing a surface-treated steel sheet comprising a step 25 

of forming a nickel plating layer having a content of nickel of lower than 

11.0 g/m2 on a steel sheet, a step of forming a nickel-cobalt alloy 

plating layer having a total content of nickel and cobalt of 7.5 g/m2 or 

lower on the nickel plating layer, and a step of subjecting the steel 

sheet having the nickel plating layer and the nickel-cobalt alloy plating 30 



   

 -4- 

layer formed thereon to a heat treatment at a temperature of 480 to 900°C 

to thereby form a nickel-cobalt-iron diffusion layer as an outermost 

surface layer.  At this time, it is preferable that the total content of 

nickel and cobalt of the nickel plating layer and the nickel-cobalt alloy 

plating layer be 11.5 g/m2 or lower. 5 

[0012] According to the present invention, there is further provided a 

method for manufacturing a surface-treated steel sheet comprising a step 

of forming a nickel-cobalt alloy plating layer having a total content of 

nickel and cobalt of 11.5 g/m2 or lower on a steel sheet, and 

 a step of subjecting the steel sheet having the nickel-cobalt alloy 10 

plating layer formed thereon to a heat treatment at a temperature of 480 

to 900°C to thereby form a nickel-cobalt-iron diffusion layer as an 

outermost surface layer. 

 

EFFECTS OF INVENTION 15 

[0013] According to the present invention, there can be provided a 

surface-treated steel sheet which is excellent in battery characteristics 

and can suppress impairing the battery characteristics also after lapse of 

time when used as a battery case of a battery using a strong alkaline 

electrolyte solution.  According to the present invention, there can be 20 

also provided a method for manufacturing such a surface-treated steel 

sheet. 

 

 BRIEF DESCRIPTION OF DRAWINGS 

[0014] Figure 1 is a perspective view illustrating one embodiment of a 25 

battery to which the surface-treated steel sheet according to the present 

invention is applied. 

 Figure 2 is a cross-sectional view taken along line II-II of Figure 

1. 
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 Figure 3 is one embodiment of the surface-treated steel sheet 

according to the present invention and an enlarged cross-sectional view of 

a part III of Figure 2. 

 Figure 4 is a view to interpret a method for manufacturing the 

surface-treated steel sheet illustrated in Figure 3. 5 

 Figure 5 is graphs to interpret a method for determining the content 

of Co, InCo_D, and the content of Fe, InFe_D. 

 Figure 6 is a cross-sectional view of a second embodiment of the 

surface-treated steel sheet according to the present invention. 

 Figure 7 is graphs showing results of measurement on surface-treated 10 

steel sheets of Examples by a radio frequency glow discharge optical 

emission spectrometer. 

 Figure 8 is graphs showing results of measurement on surface-treated 

steel sheets of Examples by the radio frequency glow discharge optical 

emission spectrometer. 15 

 Figure 9 is graphs showing results of measurement on surface-treated 

steel sheets of Comparative Examples by the radio frequency glow discharge 

optical emission spectrometer. 

 Figure 10 is plotted graphs of measurement results of the corrosion 

current density of surface-treated steel sheets of Examples and 20 

Comparative Examples. 

 Figure 11 is graphs showing results of measurement on surface-treated 

steel sheets of Examples by the radio frequency glow discharge optical 

emission spectrometer. 

 Figure 12 is graphs showing results of measurement on surface-treated 25 

steel sheets of Examples by the radio frequency glow discharge optical 

emission spectrometer. 
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[0015] Hereinafter, one embodiment according to the present invention 

will be described based on the drawings.  The surface-treated steel sheet 

according to the present invention is worked into an external shape 

according to a desired shape of a battery.  The battery is not especially 

limited, but there can be exemplified an alkaline battery, which is a 5 

primary battery, or a nickel hydrogen battery, a lithium ion battery or 

the like, which is a secondary battery.  The surface-treated steel sheet 

according to the present invention can be used as a member of a battery 

case of these batteries.  Hereinafter, the present invention will be 

described by way of embodiments in which an alkaline battery using a 10 

strong alkaline electrolyte solution is taken as one example, and in the 

embodiments, the surface-treated steel sheet according to the present 

invention is used for a positive electrode can constituting a battery case 

of the alkaline battery. 

[0016] Figure 1 is a perspective view illustrating one embodiment of 15 

an alkaline battery 2 to which the surface-treated steel sheet according 

to the present invention is applied, and Figure 2 is a cross-sectional 

view taken along line II-II of Figure 1.  The alkaline battery 2 of the 

present example has a positive electrode mixture 23 and a negative 

electrode mixture 24 with a separator 25 interposed therebetween in the 20 

interior of a bottomed cylindrical positive electrode can 21, and a 

sealing body constituted of a negative electrode terminal 22, a current 

collector 26 and a gasket 27 is caulked on the inner surface-side of an 

opening of the positive electrode can 21.  Then, a protruded positive 

electrode terminal 211 is formed on the center of the bottom of the 25 

positive electrode can 21.  Then, for imparting insulation, improving 

designability, and other purposes, an outer package 29 is fitted on the 

positive electrode can 21 via an insulating ring 28. 

[0017] The positive electrode can 21 of the alkaline battery 2 

illustrated in Figure 1 can be obtained by forming the surface-treated 30 
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steel sheet according to the present invention by a deep drawing process, 

a drawing and ironing process (DI work process), a drawing and thin-

redrawing process (DTR work process), a combined work process of 

stretching work and ironing work after drawing work, or the like.  

Hereinafter, with reference to Figure 3, a constitution of the surface-5 

treated steel sheet (surface-treated steel sheet 1) according to the 

present invention will be described. 

[0018] Figure 3 is an enlarged cross-sectional view of the part III of 

the positive electrode can 21 illustrated in Figure 2, and in Figure 3, 

the upper side thereof corresponds to the inner surface (surface 10 

contacting with the positive electrode mixture 23 of the alkaline battery 

2) of the alkaline battery 2 of Figure 1.  The surface-treated steel sheet 

1 according to the present embodiment has, as illustrated in Figure 3, a 

nickel-cobalt-iron diffusion layer 12 formed on a steel sheet constituting 

a steel sheet 11 of the surface-treated steel sheet 1. 15 

[0019] The surface-treated steel sheet 1 according to the present 

embodiment is a surface-treated steel sheet having the nickel-cobalt-iron 

diffusion layer 12 as an outermost surface layer formed on the steel sheet 

11, wherein when a content of Ni, a content of Co and a content of Fe of 

the nickel-cobalt-iron diffusion layer are determined based on a Ni 20 

intensity, a Co intensity and a Fe intensity each sequentially measured in 

the depth direction from the surface side of the nickel-cobalt-iron 

diffusion layer by a radio frequency glow discharge optical emission 

spectrometry on the surface-treated steel sheet 1, the nickel-cobalt-iron 

diffusion layer 12 has a content of Co at a specific depth position D, 25 

InCo_D, of 5% by mass or higher and a content of Fe at the specific depth 

position D, InFe_D, of 11% by mass or higher, the specific depth position D 

being a position where the Ni intensity is 0.5% of the maximum value of 

the Ni intensity in the nickel-cobalt-iron diffusion layer. 

[0020] 30 
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<Steel sheet 11> 

 The steel sheet 11 according to the present embodiment is not 

especially limited as long as being excellent in forming workability, but 

there can be used, for example, low carbon aluminum-killed steels (carbon 

content: 0.01 to 0.15% by weight), extra-low carbon steels having a carbon 5 

content of lower than 0.01% by weight, or non-aging extra-low carbon 

steels made by adding Ti, Nb and the like to an extra-low carbon steel.  In 

the present embodiment, there can also be used steel sheets obtained by 

hot rolling any of these steels, acid pickling the hot rolled steel to 

remove scales (oxide film) on the surface, cold rolling the pickled steel, 10 

electrolytically cleaning the cold rolled steel, and annealing and temper 

rolling the resultant steel; or steel sheets obtained by temper rolling 

the above described the pickled steel without cold rolling, annealing and 

temper rolling. 

[0021] The thickness of the steel sheet 11 may suitably be selected 15 

according to applications of the surface-treated steel sheet, and is not 

especially limited.  However, it is preferably 0.015 to 1.5 mm.  In the case 

of a steel sheet (carbon steel or stainless steel) for batteries such as 

alkaline batteries and coin batteries, the thickness of the steel sheet 11 

is preferably 0.15 to 0.6 mm; and particularly in the case of a steel 20 

sheet for alkaline battery cans, the thickness of the steel sheet 11 is 

preferably 0.15 to 0.5 mm.  On the other hand, in applications requiring 

weight reduction and flexibility, the steel sheet 11 preferably has a foil 

shape with the thickness of 0.015 mm to 0.1 mm. 

[0022] 25 

<Nickel-cobalt-iron diffusion layer 12> 

 The surface-treated steel sheet 1 according to the present embodiment 

has the nickel-cobalt-iron diffusion layer 12 on the steel sheet 11.  As 

illustrated in Figure 4, as a method for forming the nickel-cobalt-iron 

diffusion layer 12 in the present embodiment, there can be used a method, 30 
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for example, in which a nickel plating layer 13 and a nickel-cobalt alloy 

plating layer 14 are formed in this order on the surface of the steel 

sheet 11, and thereafter the resulting steel sheet is heat treated to 

thermally diffuse iron, nickel and cobalt contained in respective layers 

to thereby obtain the nickel-cobalt-iron diffusion layer 12. 5 

[0023] In the nickel-cobalt-iron diffusion layer 12 of the surface-

treated steel sheet 1 according to the present embodiment, the Co amount 

and the Fe amount in the surface are adjusted to respective specific 

amounts.  Specifically, when the content of Ni, the content of Co and the 

content of Fe of the nickel-cobalt-iron diffusion layer are determined 10 

based respectively on the Ni intensity, Co intensity and Fe intensity each 

sequentially measured in the depth direction from the surface side of the 

nickel-cobalt-iron diffusion layer 12 toward the steel sheet 11 under a 

predetermined measurement condition by a radio frequency glow discharge 

optical emission spectrometry on the surface-treated steel sheet 1, the 15 

content of Co at a specific depth position D, InCo_D, is 5% by mass or 

higher, and the content of Fe at the specific depth position D, InFe_D, is 

11% by mass or higher, the specific depth position D being a position 

where the Ni intensity is 0.5% of the maximum value of the Ni intensity in 

the nickel-cobalt-iron diffusion layer.  Here, the content of Ni, content 20 

of Co and content of Fe determined by the radio frequency glow discharge 

optical emission spectrometry indicate a content of Ni, content of Co and 

content of Fe with respect to a total content of Ni, Co and Fe, 

respectively. 

[0024] Here, determination procedures of the content of Co, InCo_D, and 25 

the content of Fe, InFe_D, will be described by reference to Figure 5(A) to 

Figure 5(D). 

[0025] First, in order to set the measurement condition for the 

measurement by the radio frequency glow discharge optical emission 

spectrometry, a sample for adjusting the measurement condition (sample 30 
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prepared by forming a nickel plating layer and a cobalt plating layer in 

this order on a steel sheet) is prepared.  Then, the measurement on the 

prepared sample for adjusting the measurement condition is carried out 

from the surface of the cobalt plating layer toward the steel sheet under 

a condition such that the maximums of the Ni intensity, Co intensity and 5 

Fe intensity (the Ni intensity in the region where Ni as a simple element 

is detected in the nickel plating layer, the Co intensity in the region 

where Co as a simple element is detected in the cobalt plating layer and 

the Fe intensity in the region where Fe as a single element is detected in 

the steel sheet) obtained by a radio frequency glow discharge optical 10 

emission spectrometer are nearly equal.  One example of measurement results 

is shown in Figure 5(A).  In Figure 5(A), the ordinate indicates the 

intensity, and the abscissa indicates the measuring time when the 

measurement is carried out in the depth direction by the radio frequency 

glow discharge optical emission spectrometer while sputtering by Ar plasma 15 

is carried out from the surface of the surface-treated steel sheet 1.  

Here, as a method of adjusting the maximums of the Ni intensity, the Co 

intensity and the Fe intensity to nearly equal values, there can be used a 

method in which the voltage (H.V.) of the photomultiplier channel of the 

radio frequency glow discharge optical emission spectrometer is tailor for 20 

each element to be measured. 

[0026] Here, since nickel, cobalt and iron have nearly equal 

sputtering rates by Ar plasma.  Thus, when each single material of nickel, 

cobalt and iron is subjected to a measurement by the radio frequency glow 

discharge optical emission spectrometer under the same condition of 25 

sputtering (Ar gas pressure (unit: Pa)) and output (unit: W)), the amount 

of the each single material to be etched is nearly equal; therefore, the 

amount of nickel etched contributing to the Ni intensity to be measured, 

the amount of cobalt etched contributing to the Co intensity to be 
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measured and the amount of iron etched contributing to the Fe intensity to 

be measured are nearly equal. 

[0027] Hence, as seen in the above-mentioned Figure 5(A), by carrying 

out the measurement by the radio frequency glow discharge optical emission 

spectrometer under the condition that the maximum values of the Ni 5 

intensity, the Co intensity and the Fe intensity are nearly the same 

values (in the example shown in Figure 5(A), the intensities are about 2.0 

V), a ratio obtained from the value of the Ni intensity, Co intensity and 

Fe intensity obtained can be converted as it is to a ratio of masses of 

Ni, Co and Fe.  For example, the ratio of the Fe intensity to the total of 10 

the Ni intensity, the Co intensity and the Fe intensity as it is can be 

taken as the ratio of the mass of Fe to the total of the masses of Ni, Co 

and Fe (content of Fe); and this applies to Ni and Co as well.  In the 

present embodiment, by thus previously setting the measurement condition 

(voltage of the photomultiplier channel) for the radio frequency glow 15 

discharge optical emission spectrometer and carrying out the measurement 

on the surface-treated steel sheet 1 under the set condition, the content 

of Ni, the content of Co and the content of Fe with respect to the total 

content of Ni, Co and Fe at each depth position (depth position determined 

from the measuring time in the measurement under sputtering) are enabled 20 

to be determined from the Ni intensity, Co intensity and Fe intensity 

obtained. 

[0028] Here, with regard to the measurement condition by the radio 

frequency glow discharge optical emission spectrometer, the maximum values 

of the Ni intensity, the Co intensity and the Fe intensity are adjusted to 25 

about 2.0 V in the example shown in the above-mentioned Figure 5(A), but 

the maximum values are not limited to 2.0 V, and can be made to be 

arbitral values.  However, when the value is too low, the measuring 

sensitivity may be lowered, and on the other hand, when the value is too 

high, there is a risk that a saturated intensity is obtained and an 30 
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accurate value cannot be obtained.  Thus, an H.V. is set such that an 

enough maximum value of the intensity to make no saturation nor 

sensitivity deficiency can be obtained when a measurement is carried out 

on the above sample for adjusting the measurement condition.  Usually, the 

value falls in the range of ±1.0 V of a value measured at an H.V. 5 

recommended or aimed by the measuring apparatus.  In measurements in 

Examples described later, there was used the maximum value of the Ni 

intensity in the measurement in which the H.V. of Ni was set at 630 V.  

Then, it is preferable that the each thickness of the nickel plating layer 

and the cobalt plating layer of the sample for adjusting the measurement 10 

condition be 0.2 to 1.0 µm, in order to obtain enough intensities. 

[0029] Then, by setting the measurement condition of the radio 

frequency glow discharge optical emission spectrometer as indicated in 

Figure 5(A), and thereafter carrying out the measurement on the surface-

treated steel sheet 1 according to the present embodiment under the set 15 

condition, the content of Ni, the content of Co and the content of Fe in 

the nickel-cobalt-iron diffusion layer 12 can be determined. 

[0030] Here, Figure 5(B) is graphs, which shows the Ni intensity, the 

Co intensity and the Fe intensity sequentially measured in the depth 

direction from the surface side of the nickel-cobalt-iron diffusion layer 20 

12 toward the steel sheet 11 under the above measurement condition by the 

radio frequency glow discharge optical emission spectrometry on the 

surface-treated steel sheet 1 of Example 1 described later.  Then, Figure 

5(C) is enlarged graphs by varying the scales of the abscissa and the 

coordinate, which corresponds to part of the graphs of Figure 5(B); and 25 

Figure 5(D) is further enlarged graphs, which correspond to part the 

graphs of Figure 5(C). 

[0031] Since the graphs of Figure 5(B), Figure 5(C) and Figure 5(D) 

indicate measurement results under the above measurement condition, the Ni 
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intensity, the Co intensity and the Fe intensity as they are can be 

converted to masses of Ni, Co and Fe. 

[0032] Then, in the present embodiment, the content of Co at a 

specific depth position D, InCo_D, and the content of Fe at the specific 

depth position D, InFe_D, are determined based on such graphs of the Ni 5 

intensity, the Co intensity and the Fe intensity, and the specific depth 

position D is a position where the Ni intensity in the nickel-cobalt-iron 

diffusion layer 12 is 0.5% of the maximum value thereof. 

[0033] First, as indicated in Figure 5(B), in a surface layer portion 

(region of a sputtering time of 0 to about 10 sec) of the surface-treated 10 

steel sheet 1 according to the present embodiment, the nickel-cobalt-iron 

diffusion layer 12, in which Ni, Co and Fe are concurrently present is 

present.  As described above, the nickel-cobalt-iron diffusion layer 12 can 

be formed for example, by forming a nickel plating layer and a nickel-

cobalt alloy plating layer in this order on the surface of the steel sheet 15 

11, and heat treating the resultant under a specific condition, wherein 

iron in the steel sheet 11 thermally diffuses to the outermost surface by 

the heat treatment.  In the present embodiment, for such a nickel-cobalt-

iron diffusion layer 12, the maximum value of the Ni intensity is 

extracted and the depth position where the Ni intensity is 0.5% of the 20 

extracted maximum value thereof is specified as the specific depth 

position D.  Here, in the case where a plurality of depth positions where 

the Ni intensity is 0.5% of the maximum value thereof are present, a 

position nearest to the surface of the nickel-cobalt-iron diffusion layer 

12 among them is specified as the specific depth position D.  Specifically, 25 

in the graph in Figure 5(B), the maximum value of the Ni intensity is 

found near a sputtering time of about 6.7 sec, and the intensity thereof 

is about 1.57 V.  Hence, the intensity of 0.5% of the maximum value (1.57 

V) of the Ni intensity is 0.0078 V, and from the graph in Figure 5(D), the 

specific depth position D where the Ni intensity is 0.0078 V can be 30 
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specified to be a depth position near a sputtering time of about 0.32 sec.  

In Example 1 shown in Figure 5(B) to Figure 5(D), however, since the data 

fetching interval in the measurement was set actually at 0.05 sec, a depth 

position giving an intensity nearest the intensity of 0.5% was determined 

to be the specific depth position D where the intensity is 0.5% of the 5 

maximum value of the Ni intensity (in Example 1 shown in Figure 5(D), a 

sputtering time of 0.3 sec gave the nearest value), but in studies by the 

present inventors, the proportion of the intensity of each element at 0.3 

sec and that at 0.32 sec were the same.  In the present embodiment, the 

proportion of the Co intensity at the specific depth position D to the 10 

total of the Ni intensity, the Co intensity and the Fe intensity thereat 

is determined as the content of Co, InCo_D (unit: % by mass).  Similarly, 

the proportion of the Fe intensity at the specific depth position D to the 

total of the Ni intensity, the Co intensity and the Fe intensity thereat 

is determined as the content of Fe, InFe_D (unit: % by mass).  Then, in the 15 

present embodiment, the reason that the content of Co, InCo_D, and the 

content of Fe, InFe_D, at the specific depth position D are controlled is 

that it can be seen that these content of Co and content of Fe at the 

specific depth position D represent a content of Co and a content of Fe 

respectively in the surface layer (the outermost surface layer or the 20 

vicinity of the outermost surface layer) of the nickel-cobalt-iron 

diffusion layer 12.  In short, the content of Co and the content of Fe in 

the outermost surface of the nickel-cobalt-iron diffusion layer 12 are 

substantially controlled in the present embodiment. 

[0034] Then, in the measurement by the radio frequency glow discharge 25 

optical emission spectrometer, the hardness of the measurement object 

affects the sputtering rate (and sputtering time).  In particular, the 

deeper the depth from the outermost surface layer to a measuring point is, 

the more the intensity to be measured may be affected by the depth (depth 

from the outermost surface layer to the measuring point).  Therefore, for 30 
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the surface-treated steel sheet 1 according to the present embodiment, the 

measurement under the measurement condition set by the above-mentioned 

method as shown in Figure 5(A) is started, and the intensity ratio of each 

element in each measuring point (each depth position) is determined as a 

content of the each element.  Even if the measurement is carried out under 5 

the same sputtering condition at the same H.V., there are cases where 

overall intensity values vary depending on the state of the anode; for 

example, in the above-mentioned example shown in Figure 5(A), although the 

measurement condition is adjusted so that the maximum value of the 

intensity is about 2.0 V, there are cases where the maximum value of the 10 

intensity is not 2.0 V when the nickel-cobalt-iron diffusion layer 12 of 

the surface-treated steel sheet 1 actually fabricated is measured; 

however, since the intensity ratio of each element at each measuring point 

is determined as a content of the each element as described above, no 

problem arises. 15 

[0035] In the surface-treated steel sheet 1 according to the present 

embodiment, the nickel-cobalt-iron diffusion layer 12 is formed in which 

the above-mentioned content of Co, InCo_D, is 5% by mass or higher, and the 

above-mentioned content of Fe, InFe_D, is 11% by mass or higher.  

Accordingly, in the case where the surface-treated steel sheet 1 is made 20 

into a battery case so that the nickel-cobalt-iron diffusion layer 12 

corresponds to the inner surface, a battery to be obtained is low in the 

internal resistance value, which leads to excellent battery 

characteristics, and also has excellent corrosion resistance to an 

electrolyte solution, which leads to suppression of impairing the battery 25 

characteristics also after a lapse of time. 

[0036] It is conventionally known that: when a surface-treated steel 

sheet for battery cases having an iron-nickel diffusion layer formed on 

the surface thereof is made into a battery case so that the iron-nickel 

diffusion layer corresponds to the inner surface of the battery case to 30 
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thereby expose iron on the inner surface of the battery case, the obtained 

battery is excellent in battery characteristics, compared with the case 

where no iron is exposed.  However, when the amount of iron exposed on the 

inner surface of the battery case is too large, there is a risk that the 

following trouble arises: the proportion of nickel present in the inner 5 

surface of the battery case reduces along with the increase of iron; then, 

in the case where the battery is stored or used over a long period, iron 

dissolves out into the electrolyte solution and the internal pressure of 

the battery is raised by gases generated due to the dissolving-out of 

iron; and the rise of the internal pressure causes leakage of the 10 

electrolyte solution through a sealing part.  Further, due to the reduction 

of the proportion of nickel present in the inner surface of the battery 

case, there also arises a risk that in the case of storing the sheet 

before forming into the battery case, or storing the sheet in the form of 

a the battery case, the rustproofness thereof against air reduces. 15 

[0037] It is also conventionally known a method in which a surface-

treated steel sheet for battery cases having a nickel-cobalt alloy layer 

formed on the surface thereof is made into a battery case so that the 

nickel-cobalt alloy layer corresponds to the inner surface of the battery 

case.  It is known that by increasing the content of cobalt in the nickel-20 

cobalt alloy layer, the battery characteristics are improved in this case.  

However, when the content of cobalt in the nickel-cobalt alloy layer is 

increased, it is easy for cobalt to dissolve out from the inner surface of 

the battery case simply due to the increase of the content of cobalt in 

the nickel-cobalt alloy layer; and also, since the content of nickel 25 

reduces along with the increase of the content of cobalt, the amount of 

cobalt alloyed with nickel increases, which disadvantageously makes easy 

for cobalt to dissolve out. 

[0038] In short, it is conventionally known that by forming an iron-

nickel diffusion layer or a nickel-cobalt alloy layer as the inner surface 30 



   

 -17- 

of a battery case and increasing the content of iron or cobalt in these 

layers, the battery characteristics of the battery to be obtained can be 

improved.  However, problems of these cases are that the rustproofness and 

the corrosion resistance to an electrolyte solution are reduced since the 

content of nickel reduces along with the incorporation of iron or cobalt. 5 

[0039] By contrast, according to the present embodiment, the above-

mentioned nickel-cobalt-iron diffusion layer 12, specifically, the nickel-

cobalt-iron diffusion layer 12 concurrently including three elements of 

nickel, cobalt and iron in which the Co amount and the Fe amount in the 

surface are adjusted to specific amounts is formed in the surface-treated 10 

steel sheet 1.  Owing to this, even in the case where the content of 

nickel, which contributes to improve the rustproofness and the corrosion 

resistance to an electrolyte solution, is relatively low, there is secured 

the improving effect on the battery characteristics by iron suitably 

exposed on the inner surface of the battery case while the corrosion 15 

resistance to the electrolyte solution can be excellent, and impairing the 

battery characteristics can also be suppressed even after lapse of time. 

[0040] The content of Co, InCo_D, in the nickel-cobalt-iron diffusion 

layer 12 is 5% by mass or higher, and in view of more improving the 

battery characteristics after lapse of time, it is preferably 12% by mass 20 

or higher, more preferably 16% by mass or higher and still more preferably 

20% by mass or higher.  When the content of Co, InCo_D, is too low, the 

effect of improving the battery characteristics of a battery to be 

obtained cannot be exhibited.  The upper limit of the content of Co, InCo_D, 

is preferably 65% by mass or lower, more preferably 55% by mass or lower, 25 

still more preferably 39% by mass or lower and especially preferably 30% 

by mass or lower, in view of suppressing dissolving-out of cobalt to 

thereby suppress the reduction of the corrosion resistance when using the 

surface-treated steel sheet 1 as the battery case. 
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[0041] The content of Fe, InFe_D, in the nickel-cobalt-iron diffusion 

layer 12 is 11% by mass or higher, and is preferably 13% by mass or 

higher, more preferably 18% by mass or higher and still more preferably 

20% by mass or higher.  When the content of Fe, InFe_D, is too low, the 

effect of improving the battery characteristics of a battery to be 5 

obtained is insufficient.  The upper limit of the content of Fe, InFe_D, is 

preferably 80% by mass or lower, more preferably 70% by mass or lower, 

still more preferably 63% by mass or lower and especially preferably 53% 

by mass or lower in view of suppressing dissolving-out of iron to thereby 

suppress the reduction of the corrosion resistance when using the surface-10 

treated steel sheet 1 as the battery case. 

[0042] Further in the surface-treated steel sheet 1 according to the 

present embodiment, it is preferable that not only the content of Co, 

InCo_D, and the content of Fe, InFe_D, but also the content of Ni at the 

specific depth position D, InNi_D, be controlled.  Specifically, the 15 

proportion of the nickel intensity to the total of the Ni intensity, the 

Co intensity and the Fe intensity at the specific depth position D where 

the Ni intensity in the nickel-cobalt-iron diffusion layer 12 is 0.5% of 

the maximum value of the Ni intensity is determined as the content of Ni, 

InNi_D, (unit: % by mass), and the content of Ni, InNi_D, is preferably 5% by 20 

mass or higher and more preferably 7% by mass or higher, for improvement 

of corrosion resistance and rustproofness.  the content of Ni, InNi_D, is 

still more preferably 10% by mass or higher and especially preferably 12% 

by mass or higher, in view of more suppressing dissolving-out of cobalt 

and iron when the surface-treated steel sheet 1 as the battery case.  In 25 

the case of using the surface-treated steel sheet 1 as the battery case, 

the upper limit of the content of Ni, InNi_D is preferably 70% by mass or 

lower, more preferably 60% by mass or lower, still more preferably 50% by 

mass or lower, further still more preferably 48% by mass or lower and 

especially preferably 47% by mass or lower, in view of suppressing the 30 
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increase of the contact resistance and improving the battery 

characteristics when using the surface-treated steel sheet 1 as the 

battery case.  When the content of Ni, InNi_D, is in the above range, the 

corrosion resistance when using the surface-treated steel sheet 1 as the 

battery case is more improved. 5 

[0043] Further in the surface-treated steel sheet 1 according to the 

present embodiment, the lower limit of the ratio of the content of Fe, 

InFe_D, to the content of Co, InCo_D, RFe/Co (InFe_D/InCo_D), is preferably 0.5 or 

higher, more preferably 0.8 or higher and still more preferably 1.0 or 

higher; and the upper limit of the ratio RFe/Co is preferably 20 or lower, 10 

more preferably 12 or lower and still more preferably 2.9 or lower.  When 

the ratio RFe/Co is in the above range, the effect of improving the battery 

characteristics of a battery to be obtained and the effect of improving 

the corrosion resistance to an electrolyte solution can be more highly 

balanced. 15 

[0044] The content of Fe is preferably 55% by mass or higher and more 

preferably 65% by mass or higher, in view of more improving the initial 

battery characteristics.  In this case, in order to suppress the 

dissolving-out to the electrolyte solution, it is additionally preferable 

that the content of Co be 5% by mass or higher; it is preferable that the 20 

content of cobalt in the nickel-cobalt-iron diffusion layer 12 described 

later be 0.2 g/m2 or higher; and it is also preferable that the total 

content of nickel and cobalt in the nickel-cobalt-iron diffusion layer 12 

be 3.5 g/m2 or higher.  The cobalt content in the nickel-cobalt-iron 

diffusion layer 12 is more preferably 0.5 g/m2 or higher and still more 25 

preferably 0.7 g/m2 or higher, in view of improving the battery 

characteristics after lapse of time.  When the cobalt content is the above 

value, the battery characteristics after lapse of time can be excellent 

due to not only the content of Co in the surface layer but also the 

incorporation of cobalt in a certain amount in the diffusion layer. 30 
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[0045] In the present embodiment, an iron-nickel diffusion layer 15 

may further be provided between the steel sheet 11 and the nickel-cobalt-

iron diffusion layer 12, as in a surface-treated steel sheet 1a 

illustrated in Figure 6.  In the case of using such a surface-treated steel 

sheet 1a as the battery case, the corrosion resistance to the electrolyte 5 

solution can be more improved. 

[0046] Here, for the surface-treated steel sheet 1a according to the 

present embodiment, the presence of the iron-nickel diffusion layer 15 can 

be confirmed by the following method.  Specifically, the Ni intensity, InNi, 

the Co intensity, InCo, and the Fe intensity, InFe, are sequentially 10 

measured in the depth direction from the surface of the nickel-cobalt-iron 

diffusion layer 12 toward the steel sheet 11 by the radio frequency glow 

discharge optical emission spectrometry on the surface-treated steel sheet 

1a using the same method as in the above-mentioned Figure 5(B).  At this 

time, when there is present a region from a starting depth point where the 15 

Co intensity, InCo, measured in the depth direction from the surface of the 

nickel-cobalt-iron diffusion layer 12, after exhibiting its maximum value, 

becomes an intensity of 15% of the maximum value to a depth point where 

the Ni intensity, InNi, measured in the depth direction from the surface of 

the nickel-cobalt-iron diffusion layer 12, after exhibiting its maximum 20 

value, becomes an intensity of 15% of the maximum value, such a depth 

region can be judged to be a diffusion layer composed of iron and nickel 

without cobalt, that is, an iron-nickel diffusion layer; in this case, it 

can be judged that the iron-nickel diffusion layer is present.  Here, in 

the measurement by a radio frequency glow discharge optical emission 25 

spectrometer, information of elements from side walls at an etched spot 

becomes liable to be given along with progress of the etching and the 

elements present in the surface layer are liable to be detected as noises.  

Accordingly, in the case where the intensity of the each element is 15% or 

lower of the maximum value thereof at depths other than and much deeper 30 
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than the surface layer and the vicinity of the surface layer, the element 

can usually be considered to be almost absent. 

[0047] In the present embodiment, the lower limit of the content of 

cobalt in the nickel-cobalt-iron diffusion layer 12 is preferably 0.2 g/m2 

or higher, and in view of more improving the battery characteristics, it 5 

is more preferably 0.5 g/m2 or higher and still more preferably 0.7 g/m2 or 

higher.  The upper limit of the content of cobalt is preferably 5.0 g/m2 or 

lower, more preferably 3.0 g/m2 or lower and still more preferably 2.0 g/m2 

or lower, in view of suppressing excessive dissolving-out of cobalt from 

the diffusion layer. 10 

[0048] In the case of forming the iron-nickel diffusion layer 15, the 

lower limit of the total content of nickel contained in the nickel-cobalt-

iron diffusion layer 12 and the iron-nickel diffusion layer 15 is 

preferably 1.0 g/m2 or higher, more preferably 1.3 g/m2 or higher and still 

more preferably 1.6 g/m2 or higher, in view of improving the corrosion 15 

resistance.  The upper limit of the total content of nickel contained in 

the nickel-cobalt-iron diffusion layer 12 and the iron-nickel diffusion 

layer 15 is preferably 11.3 g/m2 or lower, more preferably 9.5 g/m2 or 

lower, still more preferably 8.5 g/m2 or lower and especially preferably 

7.0 g/m2 or lower, because too high a content thereof cause risks that the 20 

iron exposure is difficult and that stable proportions cannot be given. 

[0049] In the case of forming no iron-nickel diffusion layer 15, the 

lower limit of the content of nickel in the nickel-cobalt-iron diffusion 

layer 12 is preferably 0.2 g/m2 or higher, more preferably 0.5 g/m2 or 

higher and still more preferably 0.7 g/m2 or higher, in view of improving 25 

the corrosion resistance.  In the case of forming no iron-nickel diffusion 

layer 15, the upper limit of the content of nickel in the nickel-cobalt-

iron diffusion layer 12 is preferably 11.3 g/m2 or lower, more preferably 

9.5 g/m2 or lower, still more preferably 8.5 g/m2 or h lower and especially 

preferably 7.0 g/m2 or lower, because too high a content thereof cause 30 
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risks that the iron exposure is difficult and that stable proportions 

cannot be given. 

[0050] The lower limit of the total content of nickel and cobalt in 

the nickel-cobalt-iron diffusion layer 12 (in the case where the iron-

nickel diffusion layer 15 is formed, the total content of nickel and 5 

cobalt contained in the nickel-cobalt-iron diffusion layer 12 and the 

iron-nickel diffusion layer 15) is preferably 1.6 g/m2 or higher, more 

preferably 2.5 g/m2 or higher, still more preferably 3.0 g/m2 or higher and 

especially preferably 3.5 g/m2 or higher, in view of suppressing 

dissolving-out from the base steel.  The upper limit of the total content 10 

of nickel and cobalt is preferably 11.5 g/m2 or lower, more preferably 

10.0 g/m2 or lower, still more preferably 9.0 g/m2 or lower and especially 

preferably 7.5 g/m2 or lower, because too high a content thereof cause 

risks that the iron exposure is difficult and that stable proportions 

cannot be given. 15 

[0051] The above-mentioned nickel content and cobalt content can be 

determined by carrying out X-ray fluorescence analysis on the surface-

treated steel sheet 1, 1a and measuring amounts of nickel and cobalt 

deposited. 

[0052] Here, in the above measurement of the amounts deposited, 20 

although semi-quantitative analysis by the X-ray fluorescence analysis can 

be carried out, the X-ray penetration depth is 10 µm or deeper in such 

analysis.  Thus, in the case where the amount of the nickel-cobalt-iron 

diffusion layer 12 is in 11.5 g/m2 or lower, the proportions end up 

including iron in the base steel even if the measurement is carried out 25 

from the outermost surface layer.  For example, when a surface-treated 

steel sheet of Example 1 described later (which had a content of Ni, InNi_D, 

of 34.55, a content of Co, InCo_D, of 21.16 and a content of Fe, InFe_D, of 

44.29 as values determined by radio frequency glow discharge optical 

emission spectrometry) was subjected to X-ray fluorescence analysis, the 30 
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proportions of nickel, cobalt and iron were 14.00% by mass, 6.08% by mass 

and 79.90% by mass, respectively; the measurement result by the X-ray 

fluorescence analysis was thus different from the measurement result of 

the radio frequency glow discharge optical emission spectrometry.  Further 

also in other Examples described later, the proportion of nickel was 10 to 5 

40% by mass; the proportion of cobalt was 3.5 to 9% by mass; and the 

proportion of iron was 55 to 85% by mass.  Therefore, in particular, in the 

case where iron is exposed on the surface layer, the proportions 

calculated from amounts of plating deposited or the results of the X-ray 

fluorescence analysis are different from the proportions in the surface 10 

layer (outermost surface layer and the vicinity of the outermost surface 

layer) analyzed by the radio frequency glow discharge optical emission 

spectrometry.  By contrast, the radio frequency glow discharge optical 

emission spectrometry can suitably analyze the proportions in the surface 

layer (outermost surface layer and the vicinity of the outermost surface 15 

layer). 

[0053] The surface-treated steel sheet 1, 1a according to the present 

embodiment is as described above. 

[0054] For use, the surface-treated steel sheet 1, 1a according to the 

present embodiment is formed into a positive electrode can 21 of an 20 

alkaline battery 2 illustrated in Figures 1 and 2 and battery cases of 

other batteries by a deep drawing process, a drawing and ironing process 

(DI work process), a drawing and thin-redrawing process (DTR work 

process), a combined work process of stretching work and ironing work 

after drawing work, or the like so that the nickel-cobalt-iron diffusion 25 

layer 12 corresponds to the inner surface side of the case. 

[0055] In the case where the battery case according to the present 

embodiment is used to make a battery, the battery can be low in the 

internal resistance value, which leads to excellent battery 

characteristics, and also excellent in the corrosion resistance to a 30 
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strong alkaline electrolyte solution, and can suppress impairing the 

battery characteristics even after lapse of time, since the battery case 

is made of the above-mentioned surface-treated steel sheet 1, 1a according 

to the present embodiment,; thus, the battery case can suitably be used as 

battery cases of batteries using a strong alkaline electrolyte solution.  5 

Examples in which the surface-treated steel sheet 1, 1a according to the 

present embodiment is used as a member for an alkaline battery are 

mentioned above; however, usage thereof is not limited to alkaline 

batteries, and the surface-treated steel sheet 1, 1a according to the 

present embodiment can suitably be used as battery cases of batteries 10 

using a strong alkaline electrolyte solution.  The surface-treated steel 

sheet 1, 1a according to the present embodiment can suitably be used 

particularly as battery cases of batteries having a mechanism of releasing 

gases generated in the interior of the batteries.  This is because in the 

case of having such a gas releasing mechanism, generated gases can 15 

suitably be released even if cobalt and iron dissolve out in extremely 

trace amounts from the nickel-cobalt-iron diffusion layer 12 formed on the 

inner surface side of the battery case according to the present embodiment 

to thereby generate gases in trace amounts. 

[0056] 20 

<Method for manufacturing the surface-treated steel sheet> 

 Then, a method for manufacturing the surface-treated steel sheet 1 

according to the present embodiment will be described. 

[0057] First, a steel sheet 11 is provided, and nickel plating is 

carried out on the steel sheet 11 to thereby form, as illustrated in 25 

Figure 4, a nickel plating layer 13 on the surface which is to be the 

inner surface of a battery case of the steel sheet 11.  Here, it is 

preferable that the nickel plating layer 13 be formed not only on the 

surface which is to be the inner surface of the battery case of the steel 

sheet 11, but also on the back surface of the steel sheet 11.  When the 30 
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nickel plating layers 13 are formed on both surfaces of the steel sheet 

11, plating baths having different compositions may be used for the 

surface of the steel sheet 11 which is to be the inner surface of a 

battery case and that to be the outer surface of the battery case, 

respectively, to form nickel plating layers 13 having different 5 

compositions, surface roughnesses and other properties; however, it is 

preferable that the nickel plating layers 13 be formed on both surfaces of 

the steel sheet 11 in a single step using the same plating bath, in view 

of improving the manufacturing efficiency. 

[0058] The nickel plating bath for forming the nickel plating layer 13 10 

is not especially limited, but there can be used plating baths usually 

used in nickel plating, such as Watts bath, sulfamine bath, fluoroboride 

bath, chloride bath, and citric acid bath.  The nickel plating layer 13 can 

be formed, for example, by using a Watts bath having a bath composition of 

200 to 350 g/L of nickel sulfate, 20 to 60 g/L of nickel chloride and 10 15 

to 50 g/L of boric acid under the conditions of a pH of 3.0 to 4.8 

(preferably 3.6 to 4.6), a bath temperature of 50 to 70°C and a current 

density of 0.5 to 60 A/dm2 (preferably 1 to 40 A/dm2). 

[0059] The content of nickel in the nickel plating layer 13 may be 

lower than 11.0 g/m2, and is preferably 10.0 g/m2 or lower and more 20 

preferably 9.0 g/m2 or lower.  Here, the content of nickel can be 

determined by carrying out X-ray fluorescence analysis on the steel sheet 

11 having the nickel plating layer 13 formed thereon and measuring the 

amount of nickel atoms deposited forming the nickel plating layer 13.  The 

lower limit of the content of nickel in the nickel plating layer 13 is not 25 

especially limited, but is preferably 0.2 g/m2 or higher, more preferably 

0.4 g/m2 or higher, still more preferably 0.8 g/m2 or higher and further 

still more preferably 1.2 g/m2 or higher, and in view of enhancing the 

corrosion resistance, especially preferably 1.6 g/m2 or higher.  When a 

nickel-cobalt-iron diffusion layer 12 is formed by forming a nickel-cobalt 30 
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alloy plating layer 14 on the nickel plating layer 13 and heat treating 

the resultant as described later, iron in the steel sheet 11 is enabled to 

thermally diffuse successfully through the nickel plating layer 13 to the 

surface of the nickel-cobalt alloy plating layer 14 by the heat treatment 

and the nickel-cobalt-iron diffusion layer 12 can be successfully formed, 5 

if the content of nickel in the nickel plating layer 13 is in the above 

range. 

[0060] Then, on the steel sheet 11 having the nickel plating layer 13 

formed thereon, nickel-cobalt alloy plating is carried out to thereby form 

the nickel-cobalt alloy plating layer 14. 10 

[0061] A nickel-cobalt alloy plating bath for forming the nickel-

cobalt alloy plating layer 14 is not especially limited, but it is 

preferable to use a plating bath having, as a base, a Watts bath 

containing nickel sulfate, nickel chloride, cobalt sulfate and boric acid.  

Here, the cobalt/nickel ratio in the nickel-cobalt alloy plating bath is 15 

preferably in the range of 0.05 to 1.0 and more preferably in the range of 

0.1 to 0.7, in terms of a molar ratio of cobalt/nickel.  For example, in 

the case of using a plating bath having, as a base, a Watts bath 

containing nickel sulfate, nickel chloride, cobalt sulfate and boric acid, 

a plating bath can be used which is prepared by suitably adjusting the 20 

contents of the respective components in the ranges of nickel sulfate: 10 

to 300 g/L, nickel chloride: 20 to 60 g/L, cobalt sulfate: 10 to 250 g/L 

and boric acid: 10 to 40 g/L and also in the above range of the 

cobalt/nickel ratio.  It is preferable that the nickel-cobalt alloy plating 

be carried out under the conditions of a bath temperature of 40 to 80°C, a 25 

pH of 1.5 to 5.0 and a current density of 1 to 40 A/dm2. 

[0062] The total content of nickel and cobalt in the nickel-cobalt 

alloy plating layer 14 may be 7.5 g/m2 or lower, and is preferably 4.0 g/m2 

or lower and more preferably 3.0 g/m2 or lower.  Here, the content of 

nickel and cobalt in the nickel-cobalt alloy plating layer 14 can be 30 
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determined by carrying out X-ray fluorescence analysis on the steel sheet 

11 having the nickel plating layer 13 and the nickel-cobalt alloy plating 

layer 14 formed thereon, measuring the total amount of nickel atoms and 

cobalt atoms deposited forming the nickel plating layer 13 and the nickel-

cobalt alloy plating layer 14, and subtracting the above-mentioned content 5 

of nickel in the nickel plating layer 13 from the obtained total amount 

deposited (or, subtracting the amount of nickel deposited in the formation 

of the nickel plating layer 13).  The lower limit of the total content of 

nickel and cobalt in the nickel-cobalt alloy plating layer 14 is not 

especially limited, but is preferably 0.4 g/m2 or higher, more preferably 10 

0.8 g/m2 or higher, still more preferably 1.2 g/m2 or higher and especially 

preferably 1.6 g/m2 or higher.  When a heat treatment as described later is 

carried out on the steel sheet 11 having the nickel plating layer 13 and 

the nickel-cobalt alloy plating layer 14 formed thereon, iron in the steel 

sheet 11 is enabled to thermally diffuse successfully through the nickel 15 

plating layer 13 to the surface of the nickel-cobalt alloy plating layer 

14 by the heat treatment and the nickel-cobalt-iron diffusion layer 12 can 

be successfully formed, if the total content of nickel and cobalt in the 

nickel-cobalt alloy plating layer 14 is in the above range. 

[0063] The content of cobalt in the nickel-cobalt alloy plating layer 20 

14 is preferably 0.2 g/m2 or higher, and in order to more improve the 

battery characteristics of an obtained battery, it is more preferably 0.5 

g/m2 or higher and still more preferably 0.7 g/m2 or higher.  The upper 

limit of the content of cobalt is not especially limited as long as not in 

conflict with making the content in the surface layer in the predetermined 25 

range.  When the content of cobalt is high to result in too large a plating 

thickness, there arises a risk that iron is hardly exposed, and therefore 

the upper limit is preferably 5.0 g/m2 or lower, more preferably 3.0 g/m2 

or lower and still more preferably 2.0 g/m2 or lower.  Here, the content of 

cobalt can be determined by carrying out X-ray fluorescence analysis on 30 
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the steel sheet 11 having the nickel plating layer 13 and the nickel-

cobalt alloy plating layer 14 formed thereon and measuring the amount of 

cobalt atoms deposited forming the nickel-cobalt alloy plating layer 14.  

In the case of using the surface-treated steel sheet 1 as the battery 

case, the battery characteristics of an obtained battery can be more 5 

improved when the content of cobalt in the nickel-cobalt alloy plating 

layer 14 is in the above range. 

[0064] Then, by carrying out the heat treatment on the steel sheet 11 

having the nickel plating layer 13 and the nickel-cobalt alloy plating 

layer 14 formed thereon, iron in the steel sheet 11, nickel in the nickel 10 

plating layer 13 and nickel and cobalt in the nickel-cobalt alloy plating 

layer 14 are caused to mutually thermally diffuse to thereby form the 

nickel-cobalt-iron diffusion layer 12.  Thereby, as illustrated in Figure 

3, there is provided the surface-treated steel sheet 1 having the nickel-

cobalt-iron diffusion layer 12 formed on the steel sheet 11.  15 

Alternatively, depending on the content of nickel in the nickel plating 

layer 13, the total content of nickel and cobalt in the nickel-cobalt 

alloy plating layer 14, the heat treatment condition, and other 

conditions, there is provided the surface-treated steel sheet 1a having 

the iron-nickel diffusion layer 15 formed between the steel sheet 11 and 20 

the nickel-cobalt-iron diffusion layer 12, as illustrated in Figure 6. 

[0065] The heat treatment condition may suitably be selected according 

to the content of nickel in the nickel plating layer 13, the total content 

of nickel and cobalt in the nickel-cobalt alloy plating layer 14.  The heat 

treatment temperature may be 480 to 900°C, and is preferably 500 to 800°C 25 

and more preferably 520 to 750°C.  Then the uniform heating time (time in 

which the above heat treatment temperature is held) in the heat treatment 

is preferably 3 sec to 2 min, more preferably 10 sec to 1.5 min and still 

more preferably 20 to 60 sec.  A method of the thermal diffusion treatment 

may be either of continuous annealing and batch annealing, but is 30 
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preferably continuous annealing, in which the heat treatment temperature 

and the heat treatment time can easily be adjusted in the above ranges.  

When the content of nickel and cobalt is 11.5 g/m2 or lower, the method is 

more preferably continuous annealing at a heat treatment temperature of 

600 to 900°C and still more preferably continuous annealing at a heat 5 

treatment temperature of 700 to 830°C, in view of more securely exposing 

iron.  When the content of nickel and cobalt is 5.4 g/m2 or lower, the 

method may also be continuous annealing at a heat treatment temperature of 

480°C or higher and lower than 600°C. 

[0066] The surface-treated steel sheet 1, 1a according to the present 10 

embodiment can be manufactured as in the above. 

[0067] According to the manufacturing method of the present 

embodiment, by controlling the content of nickel in the nickel plating 

layer 13, the total content of nickel and cobalt in the nickel-cobalt 

alloy plating layer 14, and the heat treatment condition in the respective 15 

above ranges, the nickel-cobalt-iron diffusion layer 12 can be made in 

which the content proportion of Co, InCo_D, is 5% by mass or higher and the 

content proportion of Fe, InFe_D, is at 11% by mass or higher.  Thereby, 

according to the manufacturing method of the present embodiment, when the 

surface-treated steel sheet 1, 1a according to the present embodiment to 20 

be obtained is used as the battery case, an obtained battery can be low in 

the internal resistance value, which leads to excellent in the battery 

characteristics, and also has excellent corrosion resistance to a strong 

alkaline electrolyte solution, which leads to suppression of impairing the 

battery characteristics also after lapse of time; thus, the battery case 25 

can suitably be used as battery cases of batteries using a strong alkaline 

electrolyte solution.  In particular, the surface-treated steel sheet 1, 1a 

according to the present embodiment can suitably be used as battery cases 

of batteries having a mechanism of releasing gases generated in the 

interior of the batteries.  This is because, even if gases in trace amounts 30 
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are generated due to dissolving-out of cobalt and iron from the nickel-

cobalt-iron diffusion layer 12 formed on the inner surface side of the 

battery cases, the generated gases can suitably be released. 

[0068] In the above, there has been exemplified the method for forming 

the nickel-cobalt-iron diffusion layer 12 by forming the nickel plating 5 

layer 13 and the nickel-cobalt alloy plating layer 14 in this order on the 

steel sheet 11, and thereafter heat treating the resultant to cause iron, 

nickel and cobalt contained in the each layer to thermally diffuse.  

However, in place of such a method, a method can be adopted in which the 

nickel-cobalt-iron diffusion layer 12 is formed by forming a nickel-cobalt 10 

alloy plating layer 14' alone directly on the surface of the steel sheet 

11 without forming any nickel plating layer 13, and thereafter the 

resultant is heat treated to cause the steel sheet 11 and the nickel-

cobalt alloy plating layer 14' to thermally diffuse. 

 Hereinafter, there will be described a method for manufacturing the 15 

surface-treated steel sheet 1 in which the nickel-cobalt-iron diffusion 

layer 12 is formed by forming the nickel-cobalt alloy plating layer 14' 

alone without forming any nickel plating layer 13, and thereafter heat 

treating the resultant. 

[0069] A nickel-cobalt alloy plating bath for forming the nickel-20 

cobalt alloy plating layer 14' is not especially limited, but it is 

preferable to use a plating bath having, as a base, a Watts bath 

containing nickel sulfate, nickel chloride, cobalt sulfate and boric acid.  

Here, the cobalt/nickel ratio in the nickel-cobalt alloy plating bath is 

preferably in the range of 0.05 to 1.0 and more preferably in the range of 25 

0.1 to 0.7, in terms of a molar ratio of cobalt/nickel.  For example, in 

the case of using a plating bath having, as a base, a Watts bath 

containing nickel sulfate, nickel chloride, cobalt sulfate and boric acid, 

a plating bath can be used which is prepared by suitably adjusting the 

contents of the respective components in the ranges of nickel sulfate: 10 30 
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to 300 g/L, nickel chloride: 20 to 60 g/L, cobalt sulfate: 10 to 250 g/L 

and boric acid: 10 to 40 g/L and also in the above range of the 

cobalt/nickel ratio.  It is preferable that the nickel-cobalt alloy plating 

be carried out under the conditions of a bath temperature of 40 to 80°C, a 

pH of 1.5 to 5.0 and a current density of 1 to 40 A/dm2. 5 

[0070] The total content of nickel and cobalt in the nickel-cobalt 

alloy plating layer 14' is preferably 11.5 g/m2 or lower, more preferably 

10.0 g/m2 or lower, still more preferably 9.0 g/m2 or lower and especially 

preferably 7.5 g/m2 or lower.  Here, the content of nickel and cobalt in 

the nickel-cobalt alloy plating layer 14' can be determined by carrying 10 

out X-ray fluorescence analysis on the steel sheet 11 having the nickel-

cobalt alloy plating layer 14' formed thereon, and measuring the total 

amount of nickel atoms and cobalt atoms deposited forming the nickel-

cobalt alloy plating layer 14'.  The lower limit of the total content of 

nickel and cobalt in the nickel-cobalt alloy plating layer 14' is not 15 

especially limited, but is preferably 1.6 g/m2 or higher, more preferably 

2.5 g/m2 or higher, still more preferably 3.0 g/m2 or higher and especially 

preferably 3.5 g/m2 or higher.  When a heat treatment as described later is 

carried out on the steel sheet 11 having the nickel-cobalt alloy plating 

layer 14' formed thereon, iron in the steel sheet 11 is enabled to 20 

thermally diffuse successfully to the surface of the nickel-cobalt alloy 

plating layer 14' by the heat treatment and the nickel-cobalt-iron 

diffusion layer 12 can be successfully formed, if the total content of 

nickel and cobalt contained in the nickel-cobalt alloy plating layer 14' 

is in the above range. 25 

[0071] Then, by carrying out the heat treatment on the steel sheet 11 

having the nickel-cobalt alloy plating layer 14' formed thereon, iron in 

the steel sheet 11 and nickel and cobalt in the nickel-cobalt alloy 

plating layer 14' are caused to mutually thermally diffuse to thereby form 

the nickel-cobalt-iron diffusion layer 12.  Thereby, as illustrated in 30 
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Figure 3, there is provided the surface-treated steel sheet 1 having the 

nickel-cobalt-iron diffusion layer 12 formed on the steel sheet 11.  This 

manufacturing method, because of the nature thereof, does not suit to 

making the constitution further having the iron-nickel diffusion layer 15 

between the steel sheet 11 and the nickel-cobalt-iron diffusion layer 12 5 

like the surface-treated steel sheet 1a illustrated in Figure 6. 

[0072] The heat treatment condition may suitably be selected according 

to the total content of nickel and cobalt in the nickel-cobalt alloy 

plating layer 14'.  The heat treatment temperature is preferably 480 to 

900°C, more preferably 500 to 800°C and still more preferably 520 to 750°C.  10 

Then the uniform heating time (time in which the above heat treatment 

temperature is held) in the heat treatment is preferably 3 sec to 2 min, 

more preferably 10 sec to 1.5 min and still more preferably 20 to 60 sec.  

A method of the thermal diffusion treatment may be either of continuous 

annealing and batch annealing, but is preferably continuous annealing, in 15 

which the heat treatment temperature and the heat treatment time can 

easily be adjusted in the above ranges. 

[0073] According to the above manufacturing method, by controlling the 

total content of nickel and cobalt in the nickel-cobalt alloy plating 

layer 14 and the heat treatment condition in the respective above ranges, 20 

the nickel-cobalt-iron diffusion layer 12 can be made in which: the 

content of Co, InCo_D, is controlled at 5% by mass or higher and the content 

of Fe, InFe_D, at 11% by mass or higher.  Thereby, when the surface-treated 

steel sheet 1 according to the present embodiment to be obtained is used 

as the battery case, an obtained battery can be low in the internal 25 

resistance value, which leads to excellent in the battery characteristics, 

and also has excellent corrosion resistance to a strong alkaline 

electrolyte solution, which leads to suppression of impairing the battery 

characteristics also after lapse of time; thus, the battery case can 

suitably be used as battery cases of batteries using a strong alkaline 30 
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electrolyte solution.  In particular, the surface-treated steel sheet 1 

according to the present embodiment can suitably be used as battery cases 

of batteries having a mechanism of releasing gases generated in the 

interior of the batteries.  This is because, even if gases in trace amounts 

are generated due to dissolving-out of cobalt and iron from the nickel-5 

cobalt-iron diffusion layer 12 formed on the inner surface side of the 

cases, the generated gases can suitably be released. 

 

 EXAMPLES 

[0074] Hereinafter, the present invention will be described more 10 

specifically by way of Examples, but the present invention is not limited 

to these Examples. 

 Here, the definition and the evaluation method of each physical 

property were as follows. 

[0075] 15 

<Amount of Ni and amount of Co> 

 By carrying out a measurement on the surface of the surface-treated 

steel sheet by an X-ray fluorescence analyzer (manufactured by Rigaku 

Corp., ZSX100e), the amount of Ni and the amount of Co contained in the 

nickel-cobalt-iron diffusion layer were measured (in the case where the 20 

iron-nickel diffusion layer was formed between the steel sheet and the 

nickel-cobalt-iron diffusion layer, the total amount of Ni and the total 

amount of Co contained in the nickel-cobalt-iron diffusion layer and the 

iron-nickel diffusion layer). 

[0076] 25 

<Content of Ni, InNi_D, content of Co, InCo_D, and content of Fe, InFe_D> 

 For the surface-treated steel sheet, the Ni intensity, the Co 

intensity and the Fe intensity were measured sequentially in the depth 

direction from the surface side of the nickel-cobalt-iron diffusion layer 

toward the steel sheet by a radio frequency glow discharge optical 30 
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emission spectrometry according to the above-mentioned method, and the 

content of Ni, InNi_D, the content of Co, InCo_D, and the content of Fe, 

InFe_D, were determined based on the obtained Ni intensity, Co intensity and 

Fe intensity, respectively.  Further based on the results, there was also 

determined the ratio of the content of Fe, InFe_D, to the content of Co, 5 

InCo_D (i.e., RFe/Co (InFe_D/InCo_D)).  Here, the measurement conditions in the 

radio frequency glow discharge optical emission spectrometry were as 

follows. 

 Measuring instrument: a Marcus-type radio frequency glow discharge 

optical emission spectrometer (manufactured by HORIBA, Ltd., model number: 10 

GD-Profiler 2) 

 Voltage (H.V.) of a photomultiplier channel: 785 V for Fe; 630 V for 

Ni; and 720 V for Co 

 Anode diameter: φ4 mm 

 Gas kind: Ar 15 

 Fetching interval: 0.05 sec 

 Gas pressure: 600 Pa 

 Output: 35 W 

[0077] 

<Corrosion current density> 20 

 The surface-treated steel sheet was cut to prepare a strip test piece 

of 20 mm in width and 40 mm in length.  The measurement area was set at φ6 

mm in the test piece.  The test piece was immersed in a 10M potassium 

hydroxide aqueous solution at a temperature of 25°C; and the measurement 

was carried out by using an electrochemical measuring system (manufactured 25 

by Hokuto Denko Corp., model number: HZ-5000) with a silver/silver 

chloride electrode as a reference electrode and platinum as a counter 

electrode, and sweeping the potential from −800 mV to 800 mV at a rate of 

50 mV/min.  Then, based on the measurement result, the current density at 

the time point when the potential was 100 mV was obtained as a corrosion 30 
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current density.  Here, in the evaluation of the corrosion current density, 

when the corrosion current density was 0.01 mA/cm2 or lower, preferably 

0.006 mA/cm2 or lower, the dissolving-out resistance of the surface-

treated steel sheet was judged to be excellent. 

[0078] 5 

<Contact resistance value> 

 The surface-treated steel sheet was cut according to JIS Z2241: 2011 

"Method of tensile test for metallic materials" to thereby prepare No. 13B 

test pieces.  Then, the contact resistance value of one of the test pieces 

was measured by using an electric contact simulator (manufactured by 10 

Yamazaki-seiki Co., Ltd., model number: CRS-1) under the condition of a 

contact load of 100 gf to thereby obtain a contact resistance value of the 

test piece at the first time.  Then, the test piece whose first-time 

contact resistance value had been measured was subjected to a tensile test 

using a desktop precision universal testing machine (manufactured by 15 

Shimadzu Corp., model number: AGS-X) under the condition of a tensile rate 

of 20%, and then the test piece after the tensile test was subjected to 

the same measurement to thereby obtain a contact resistance value at the 

second time.  Further, the test piece whose contact resistance value at the 

second time had been measured was immersed in a 10M potassium hydroxide 20 

aqueous solution under the condition of 60°C for 20 days, thereafter 

pulled up from the potassium hydroxide aqueous solution, and then 

subjected again to the same measurement to thereby obtain a contact 

resistance value of the test piece at the third time.  Then, the found 

contact resistance values are indicated in Table 1 described later and in 25 

Table 1, the contact resistance value at the first time is represented as 

"before tension"; the contact resistance value at the second time, as 

"before a lapse of time"; and the contact resistance value at the third 

time, as "after the lapse of time".  Further in Table 1, the difference 

between the contact resistance value at the second time and the contact 30 
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resistance value at the third time is represented as "Difference between 

before and after a lapse of time".  Then, in the evaluation of the contact 

resistance values, when the measurement value "after the lapse of time" 

was 14 mΩ or lower, it is judged that the surface-treated steel sheet 

suppresses the deterioration of battery characteristics after the lapse of 5 

time ; and further when 12 mΩ or lower, it is judged that the surface-

treated steel sheet more suppresses the deterioration of battery 

characteristics. 

[0079] 

<<Example 1>> 10 

 As a metal sheet, there was provided a steel sheet obtained by 

annealing a TM rolled sheet (thickness: 0.25 mm) of a low-carbon aluminum-

killed steel having the following chemical composition. 

 C: 0.04% by weight, Mn: 0.21% by weight, Si: 0.02% by weight, P: 

0.012% by weight, S: 0.009% by weight, Al: 0.061% by weight, N: 0.0036% by 15 

weight, and the balance: Fe and inevitable impurities 

[0080] Then, the steel sheet was subjected to alkali electrolytic 

degreasing and acid pickling by immersion in sulfuric acid, and thereafter 

nickel plated under the following condition to thereby form a nickel 

plating layer having an amount of Ni deposited of 2.67 g/m2. 20 

<Nickel plating> 

 Bath composition: 250 g/L of nickel sulfate, 45 g/L of nickel 

chloride, 30 g/L of boric acid 

 pH: 3.6 to 4.6 

 Current density: 20 A/dm2 25 

[0081] Then, the steel sheet having the nickel plating layer formed 

thereon was subjected to nickel-cobalt alloy plating under the following 

condition to thereby form a nickel-cobalt alloy plating layer on the 

nickel plating layer. 

<nickel-cobalt alloy plating> 30 
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 Bath composition of the plating bath: containing nickel sulfate, 

nickel chloride, cobalt sulfate, cobalt chloride and boric acid, and 

having a molar ratio of cobalt/nickel of 0.30 

 pH: 3.6 to 4.6 

 Bath temperature: 60°C 5 

 Current density: 20 A/dm2 

[0082] Then, the steel sheet having the nickel plating layer and the 

nickel-cobalt alloy plating layer formed thereon was subjected to 

continuous annealing (heat treatment) under the condition that a heat 

treatment temperature of 600°C was held for 40 sec to form a nickel-10 

cobalt-iron diffusion layer, to thereby obtain a surface-treated steel 

sheet.  The obtained surface-treated steel sheet was evaluated for the 

amount of Ni, the amount of Co, the content of Ni, InNi_D, the content of 

Co, InCo_D, the content of Fe, InFe_D, the corrosion current density and the 

contact resistance value, according to the above methods.  Results are 15 

shown in Table 1 and Figure 7(A).  Here, Figure 7(A) is graphs indicating 

results obtained by measurement on the surface-treated steel sheet by 

radio frequency glow discharge optical emission spectrometry in 

determining the content of Ni, InNi_D, the content of Co, InCo_D, the content 

of Fe, InFe_D. 20 

[0083] 

<<Examples 2 to 7>> 

 Surface-treated steel sheets were prepared and evaluated as in 

Example 1, except for altering the amount of nickel deposited when the 

nickel plating layer was formed, the molar ratio of cobalt/nickel in the 25 

plating bath used when the nickel-cobalt alloy plating layer was formed, 

and the heat treatment temperature when the heat treatment was carried out 

to those indicated in Table 1.  Results are shown in Table 1, Figure 7(B) 

to Figure 7(D), and Figure 8(A) to Figure 8(C). 

[0084] 30 
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<<Comparative Example 1>> 

 A surface-treated steel sheet was prepared and evaluated as in 

Example 1, except for altering the amount of nickel deposited when the 

nickel plating layer was formed, and the heat treatment temperature when 

the heat treatment was carried out to those indicated in Table 1.  Results 5 

are shown in Table 1, and Figure 9(A). 

[0085] 

<<Comparative Example 2>> 

 A surface-treated steel sheet was prepared and evaluated as in 

Example 1, except for altering the amount of nickel deposited when the 10 

nickel plating layer was formed to that indicated in Table 1, and carrying 

out continuous annealing (heat treatment) under the condition that a heat 

treatment temperature of 700°C was held for 40 sec on a steel sheet having 

no nickel-cobalt alloy plating layer formed thereon and having the nickel 

plating layer alone formed thereon Results are shown in Table 1, and 15 

Figure 9(B).  In Comparative Example 2, the plating bath contained no 

cobalt and no cobalt was detected in the measurement by the X-ray 

fluorescence analysis; however, in the measurement by the radio frequency 

glow discharge optical emission spectrometry, cobalt ends up being 

detected as a measurement result in some cases, since the emission 20 

wavelength of cobalt was near the emission wavelengths of nickel and iron.  

Since the surface-treated steel sheet of Comparative Example 2 had no 

nickel-cobalt alloy plating layer formed thereon, no cobalt was contained 

therein.  Accordingly, the calculation of the content of the each element 

based on the intensity ratio obtained by the radio frequency glow 25 

discharge optical emission spectrometry was carried out as follows: since 

the content of Co, InCo_D, calculated based on the Co intensity as a 

measurement result was a very low value of 2% by mass or lower, it was 

judged that no cobalt was contained, and the content of Ni, InNi_D, and the 

content of Fe, InFe_D, were determined based on the ratio of the Ni 30 
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intensity and the ratio of the Fe intensity when the total of the Ni 

intensity and the Fe intensity was taken to be 100%.  Further in 

Comparative Example 2, no calculation of the ratio RFe/Co was carried out.  

The same applied to Comparative Examples 3, 4 described later. 

[0086] 5 

<< Comparative Examples 3, 4>> 

 Surface-treated steel sheets were prepared and evaluated as in 

Comparative Example 1, except for altering the amount of nickel deposited 

when the nickel plating layer was formed, and the heat treatment 

temperature when the heat treatment was carried out to those indicated in 10 

Table 1.  Results are shown in Table 1, Figure 9(C) and Figure 9(D). 

[0087] 

[Table 1] 



   

 -40- 

 

[0088] As indicated in Table 1, it was confirmed that the surface-

treated steel sheets having a nickel-cobalt-iron diffusion layer in which 

the content of Co, InCo_D, was 5% by mass or higher and the content of Fe, 

InFe_D, was 11% by mass or higher had a corrosion current density of 0.01 5 
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mA/cm2 or lower, preferably 0.006 mA/cm2 or lower, and a contact resistance 

value after the lapse of time of 12 mΩ or lower, and that the surface-

treated steel sheets were thus excellent in the dissolving-out resistance 

and moreover suppressed the deterioration of the battery characteristics 

after the lapse of time (Examples 1 to 7). 5 

[0089] By contrast, as indicated in Table 1, it was confirmed that the 

surface-treated steel sheet whose content of Fe, InFe_D, was lower than 11% 

by mass had a contact resistance value after the lapse of time of higher 

than 14 mΩ, and that the surface-treated steel sheet thus had an adverse 

effect on the battery characteristics after the lapse of time (Comparative 10 

Example 1). 

 Further as indicated in Table 1, it was confirmed that the surface-

treated steel sheets whose content of Co, InCo_D, was lower than 5% by mass 

had a contact resistance value after the lapse of time of higher than 100 

mΩ, and that the surface-treated steel sheets thus had an adverse effect 15 

on the battery characteristics after the lapse of time (Comparative 

Examples 2 to 4). 

[0090] Further from the results of Examples 1 to 7 and Comparative 

Examples 1 to 4, the present inventors have confirmed the following.  In a 

surface-treated steel sheet whose outermost surface layer was a layer 20 

formed only of cobalt, the corrosion current density measured by the above 

method was about 0.06 mA/cm2, whereas in the surface-treated steel sheet 

whose outermost surface layer was a layer formed only of nickel and cobalt 

(the surface-treated steel sheet of Comparative Example 1, in which the 

content of Fe, InFe_D, was a very low value of 10.35% by mass and thus 25 

almost no iron was present in the outermost surface layer), the corrosion 

current density decreased to about 0.00360 mA/cm2.  From such a finding it 

was expected that along with the reduction of the content of nickel in the 

outermost surface layer, the corrosion current density would rise.  

Contrary to such an expectation, the present inventors have found that the 30 
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increase of the corrosion current density could be suppressed when the 

outermost surface layer was a ternary layer of nickel, cobalt and iron 

even with a decreased content of nickel as in the above-mentioned Examples 

1 to 7.  In other words, since the surface-treated steel sheet of 

Comparative Example 1 described above had a corrosion current density of 5 

about 0.00360 mA/cm2 with the value of a content of Ni, InNi_D, of 67.38% by 

mass, it was expected that the surface-treated steel sheets having a lower 

content of Ni, InNi_D, (surface-treated steel sheets whose outermost surface 

layer had a lower content of nickel) than in Comparative Example 1, for 

example, the surface-treated steel sheet of Example 1 (content of Ni, 10 

InNi_D: 34.55) had a higher corrosion current density than 0.00360 mA/cm2; 

however, contrary to such an expectation, it was found that the corrosion 

current density was actually as low as 0.00346 mA/cm2.  The present 

inventors, based on such a finding, have found that with regard to the 

nickel-cobalt-iron diffusion layer to be formed as the outermost surface 15 

layer of the surface-treated steel sheet, the improvement of the battery 

characteristics was attained by cobalt contained, and even when the 

content of nickel reduced, the rise of the corrosion current density could 

be suppressed by the nickel-cobalt-iron ternary system. 

[0091] There is not necessarily made clear the reason why the surface-20 

treated steel sheets having the ternary nickel-cobalt-iron diffusion layer 

formed thereon as the outermost surface layer could more prevent the rise 

of the corrosion current density than the surface-treated steel sheet 

having a layer composed only of nickel and cobalt as the outermost surface 

layer.  However, it is conceivable that with regarding to forming the 25 

ternary nickel-cobalt-iron diffusion layer as the outermost surface layer 

of the surface-treated steel sheet, the ternary system of nickel, cobalt 

and iron has a smaller difference in potential between the elements and 

thus more suppresses the dissolving-out of cobalt than the binary system 

of nickel and cobalt when the surface-treated steel sheet is immersed in a 30 
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potassium hydroxide aqueous solution to measure the corrosion current 

density. 

[0092] The present inventors further have found that, in the surface-

treated steel sheets having the ternary nickel-cobalt-iron diffusion layer 

as in Examples 1 to 7 formed, the action of the ternary nickel-cobalt-iron 5 

diffusion layer can suppress the dissolving-out of cobalt to prevent the 

rise of the corrosion current density otherwise caused by the dissolving-

out of cobalt even though cobalt was contained in the outermost surface 

layer, compared with the surface-treated steel sheets having a layer 

composed only of iron and nickel as the outermost surface layer formed.  10 

For example, as indicated in Table 1, compared Example 1 (content of Ni, 

InNi_D: 34.55, content of Co, InCo_D: 21.16) with Comparative Example 2 

(content of Ni, InNi_D: 34.67), since the contents of Ni, InNi_D, in these 

Examples had nearly the same value, the actions by nickel in these 

Examples were considered to be nearly equal; on the other hand, since the 15 

surface-treated steel sheet of Example 1 had a higher content of Co, InCo_D, 

(the content of cobalt was higher) than that of Comparative Example 2, it 

was expected that the surface-treated steel sheet of Example 1 is more 

likely to dissolve out cobalt to resulting in a higher corrosion current 

density than that of Comparative Example 2; however, contrary to such an 20 

expectation, the surface-treated steel sheet of Example 1 had a lower 

corrosion current density than the surface-treated steel sheet of 

Comparative Example 2 (the corrosion current density of Example 1: 0.00346 

mA/cm2, the corrosion current density of Comparative Example 2: 0.00383 

mA/cm2).  From such results, it has been found that the action of the 25 

ternary nickel-cobalt-iron diffusion layer suppressed the dissolving-out 

of cobalt to prevent the rise of the corrosion current density otherwise 

caused by the dissolving-out of cobalt.  In addition, in the surface-

treated steel sheets having the nickel-cobalt-iron diffusion layer formed 

as the outermost surface layer, it might be expected that the presence of 30 
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iron on the outermost surface layer would easily bring about the reduction 

of the rustproofness, but contrary to such an expectation, it is 

considered that the reduction of the rustproofness by iron is suppressed 

by the action of the ternary nickel-cobalt-iron diffusion layer. 

[0093] Figure 10(A) and Figure 10(B) are graphs obtained by plotting 5 

relations between the measurement results of the corrosion current density 

and the contents of Ni, InNi_D, for Examples 1 to 7 (samples whose outermost 

surface layer was the nickel-cobalt-iron diffusion layer), Comparative 

Example 1 (sample whose outermost surface layer was conceivably a nickel-

cobalt diffusion layer having almost no iron present) and Comparative 10 

Examples 2, 3, 4 (samples whose outermost surface layer was conceivably an 

iron-nickel diffusion layer).  In Figure 10(A), the broken line shown is an 

approximate line of plots of Examples 1 to 7.  Then, the surface-treated 

steel sheet whose outermost surface layer was a layer formed only of 

cobalt had a corrosion current density measured by the above method of 15 

about 0.06 mA/cm2 as described above, and the solid line shown is an 

approximate curve obtained from this result and the plot of Comparative 

Example 1.  Further Figure 10(B) is enlarged graphs of a part of Figure 

10(A).  The following is clear from the relation between the solid line and 

the broken line in Figure 10(A) and Figure 10(B).  It is presumed from the 20 

relation between the solid line and the broken line in Figure 10(A) and 

Figure 10(B) that, compared with the surface-treated steel sheets having 

the nickel-cobalt-iron diffusion layer formed thereon according to the 

present invention like Example 2, in which the content of Ni, InNi_D, was 

about 26% by mass, and Example 4, in which the content of Ni, InNi_D, was 25 

about 46% by mass, surface-treated steel sheets having a nickel-cobalt 

diffusion layer (containing no iron) formed thereon having the same value 

of the content of Ni, InNi_D, as of Example 2 or Example 4 (for example, a 

surface-treated steel sheet in which the content of Ni, InNi_D, was 26% by 

mass and the content of Co, InCo_D, was 74% by mass and a surface-treated 30 
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steel sheet in which the content of Ni, InNi_D, was 46% by mass and the 

content of Co, InCo_D, was 54% by mass) have a higher corrosion current 

density.  Therefore, it has been made clear that the surface-treated steel 

sheet having the nickel-cobalt-iron diffusion layer formed thereon 

according to the invention remarkably suppress the dissolving-out of 5 

cobalt and iron even when the content of Ni, InNi_D, is low.  The reason 

therefor has not been necessarily made clear, but it is conceivable that 

with regarding to forming the ternary nickel-cobalt-iron diffusion layer 

as the outermost surface layer of the surface-treated steel sheet, the 

ternary system of nickel, cobalt and iron has a smaller difference in 10 

potential between the elements and thus more suppresses the dissolving-out 

of cobalt and iron than the binary system of nickel and cobalt when the 

surface-treated steel sheet is immersed in a potassium hydroxide aqueous 

solution to measure the corrosion current density. 

[0094] 15 

<<Example 8>> 

 A surface-treated steel sheet was prepared and evaluated as in 

Example 1, except for forming no nickel plating layer, forming the nickel-

cobalt alloy plating layer directly on the steel sheet under the same 

condition as in Example 1 and carrying out the heat treatment under the 20 

same condition as in Example 1.  Results are shown in Table 2, and Figure 

11(A). 

[0095] 

<<Examples 9 to 13> 

 Surface-treated steel sheets were prepared and evaluated as in 25 

Example 8, except for altering the molar ratio of cobalt/nickel in the 

plating bath used when the nickel-cobalt alloy plating layer was formed, 

and the heat treatment temperature when the heat treatment was carried out 

to those indicated in Table 2.  Results are shown in Table 2, Figure 11(B), 

Figure 11(C), Figure 12(A) and Figure 12(B). 30 
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[0096] 

[Table 2] 

 



   

 -47- 

[0097] As shown in Table 2 and Figure 11(A) to Figure 12(B), it was 

confirmed that also in the case where a method was adopted which includes 

forming the nickel-cobalt alloy plating layer directly on the steel sheet 

without forming a nickel plating layer for forming the nickel-cobalt-iron 

diffusion layer, and then carrying out the heat treatment thereon, the 5 

corrosion current density is suppressed to 0.01 mA/cm2 or lower and the 

contact resistance value after the lapse of time is 14 mΩ or lower, by a 

controlled content of Co, InCo_D, in the nickel-cobalt-iron diffusion layer 

of 5% by mass or higher and a controlled content of Fe, InFe_D, therein of 

11% by mass or higher; thus, the surface-treated steel sheet was excellent 10 

in the dissolving-out resistance and also suppressing the deterioration of 

the battery characteristics after the lapse of time (Examples 8 to 13).  

Here, for Examples 8 and 13, although the contact resistance value after 

the lapse of time was not measured, it is conceivable that also in 

Examples 8 and 13, the contact resistance value after the lapse of time is 15 

14 mΩ or lower in consideration of the results of Examples 9 to 12. 
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CLAIMS 

 

 1. A surface-treated steel sheet, comprising: 

 a steel sheet; and 

 a nickel-cobalt-iron diffusion layer formed as an outermost surface 5 

layer on the steel sheet, 

 wherein when a content of Ni, a content of Co and a content of Fe of 

the nickel-cobalt-iron diffusion layer are determined based on a Ni 

intensity, a Co intensity and a Fe intensity each sequentially measured in 

the depth direction from the surface side of the nickel-cobalt-iron 10 

diffusion layer by a radio frequency glow discharge optical emission 

spectrometry, a content of Co at a specific depth position D, InCo_D, is 5% 

by mass or higher and a content of Fe at the specific depth position D, 

InFe_D, is 11% by mass or higher, the specific depth position D being a 

position where the Ni intensity is 0.5% of the maximum value of the Ni 15 

intensity. 

 

 2. The surface-treated steel sheet according to claim 1, wherein 

the nickel-cobalt-iron diffusion layer has a content of cobalt of 0.2 g/m2 

or higher. 20 

 

 3. The surface-treated steel sheet according to claim 1 or 2, 

wherein the nickel-cobalt-iron diffusion layer has RFe/Co (InFe_D/InCo_D) of 

0.5 to 20, the RFe/Co (InFe_D/InCo_D) being a ratio of the content of Fe, InFe_D, 

with respect to the content of Co, InCo_D. 25 

 

 4. The surface-treated steel sheet according to any one of claims 

1 to 3, further comprising an iron-nickel diffusion layer between the 

steel sheet and the nickel-cobalt-iron diffusion layer. 

 30 
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 5. A battery case comprising a surface-treated steel sheet 

according to any one of claims 1 to 4. 

 

 6. A battery comprising a battery case according to claim 5. 

 5 

 7. A method for manufacturing a surface-treated steel sheet, 

comprising: 

 a step of forming a nickel plating layer having a content of nickel 

of lower than 11.0 g/m2 on a steel sheet; 

 a step of forming a nickel-cobalt alloy plating layer having a total 10 

content of nickel and cobalt of 7.5 g/m2 or lower on the nickel plating 

layer; and 

 a step of subjecting the steel sheet having the nickel plating layer 

and the nickel-cobalt alloy plating layer formed thereon to a heat 

treatment at a temperature of 480 to 900°C to thereby form a nickel-15 

cobalt-iron diffusion layer as an outermost surface layer. 

 

 8. A method for manufacturing a surface-treated steel sheet, 

comprising: 

 a step of forming a nickel-cobalt alloy plating layer having a total 20 

content of nickel and cobalt of 11.5 g/m2 or lower on a steel sheet, and 

 a step of subjecting the steel sheet having the nickel-cobalt alloy 

plating layer formed thereon to a heat treatment at a temperature of 480 

to 900°C to thereby form a nickel-cobalt-iron diffusion layer as an 

outermost surface layer. 25 


