
DESCRIPTION 

TITLE OF THE INVENTION: Sn-PLATED STAINLESS STEEL SHEET 

TECHNICAL FIELD 

[0001] The present invention relates to a Sn-plated stainless steel sheet. More 

specifically, the present invention relates to a Sn-plated stainless steel sheet 

which can be suitably used for, for example, electrical contact components such as 

a connector, a lead frame and a harness plug which are used in electrical 

equipment, electronic equipment and the like. 

BACKGROUND ART 

[0002] A material made of a Cu alloy on which a Sn-plating layer is formed has 

been widely used for electrical contact components. In recent years, in order to 

miniaturize and lighten a contact component, an ordinary steel sheet or a 

stainless steel sheet, which has a material strength higher than that of a Cu alloy 

even though the sheet has a small sheet thickness, has been used as a base 

material for Sn-plating (for example, Patent Literatures 1 to 4). The stainless 

steel sheet has a material strength higher than that of the ordinary steel sheet 

and is excellent in corrosion resistance of a cut edge portion after cutting 

processing for forming a contact component. Therefore, the stainless steel sheet 

is suitable for the base material for Sn-plating. 

[0003] With regard to an electrical contact material having a Sn-plating layer, 

due to internal stress (compressive stress) generated in the Sn-plating layer, for 

example, electrodeposition stress at Sn-plating, stress generated at the formation 

of a Sn alloy which is formed by diffusion of a metal from the base material metal 

and the like, a needle-like single crystal which is called as a whisker is generated 
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from the Sn-plating layer. When the whisker is generated, there is a possibility 

that some troubles are caused by a short circuit. Therefore, a material having 

whisker resistance has been required for an electrical contact material. 

Conventionally, in order to suppress the generation of a whisker in a Cu alloy 

material, various counter-measures have been studied. In recent years, in order 

to suppress the generation of a whisker from a Sn-plating layer in stainless steel 

as well as the Cu alloy material, there has been studied to form a Ni-plating layer 

under the Sn-plating layer, or carry out a reflow treatment of the stainless steel. 

[0004] However, the mechanism of generation of a whisker from the Sn-plating 

layer has not yet been elucidated, and the mechanism of generation of a whisker 

varies depending on a kind of a base material being used, a thickness of a plating 

layer, a surrounding environment and the like. 

[0005] A whisker has hitherto been investigated under various testing 

environments and by various testing methods (see, for example, Non-patent 

Literature l). It has been confirmed that a whisker is generated by compressive 

stress which is generated in a Sn-plating layer due to oxidation of the Sn-plating 

layer, difference in coefficient of thermal expansion between a base material and 

an underlying plating layer and the like under an environment such as a 

high-temperature and high-humidity environment, an environment where a 

temperature is rapidly changed and a low temperature condition and a high 

temperature condition are repeated in a short period of time. 

[0006] In recent years, it has been desired to develop a stainless steel sheet 

having whisker resistance under various environments, which has a Sn-plating 

layer excellent in adhesion to the stainless steel sheet which is used as a base 

material of an electrical contact material. 

PRIOR ART LITERATURES 
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PATENT LITERATURES 

[0007] Patent Literature 1- Japanese Patent Unexamined Publication No. 

2006-265637 

Patent Literature 2- Japanese Patent Unexamined Publication No. 

2007-262458 

Patent Literature 3: WO 1999/025486 

Patent Literature 4- Japanese Patent Unexamined Publication No. 

2012-140678 

NON-PATENT LITERATURE 

[0008] Non-patent Literature 1- Standard enacted by Japan Electronics and 

Information Technology Industries Association "Whisker test methods for 

electronic connectors (JEITA RC-5241)", Japan Electronics and Information 

Technology Industries Association 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009] The present invention has been made in view of the above-mentioned 

prior art. An object of the present invention is to provide a Sn-plated stainless 

steel sheet having a Sn-plating layer excellent in adhesion to the stainless steel 

sheet, which is excellent in whisker resistance under various environments. 

MEANS FOR SOLVING THE PROBLEMS 

[0010] The present invention relates to^ 

(1) a Sn-plated stainless steel sheet, including a stainless steel sheet, a Ni-plated 

layer having a thickness of 0.3 to 3 jam formed on the stainless steel sheet, and a 

Sn-plating layer having a thickness of 0.3 to 5 jam formed on the Ni-plating layer, 

wherein a Ni crystal of the Ni-plating layer has a lattice distortion of 0.5% or less, 
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and 

(2) the Sn-plated stainless steel sheet according to the above item (l), to which a 

reflow treatment has not been subjected. 

[0011] In the present invention, the Sn-plated stainless steel sheet means a 

stainless steel sheet in which a Ni-plating layer is formed on a stainless steel 

sheet, and a Sn-plating layer is formed on the Ni-plating layer. 

EFFECTS OF THE INVENTION 

[0012] According to the present invention, there is provided a Sn-plated stainless 

steel sheet having a Sn-plating layer excellent in adhesion to the stainless steel 

sheet, which is excellent in whisker resistance under various environments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is an X-ray diffraction pattern of a Sn-plated stainless steel sheet 

obtained in Example 1. 

Fig. 2 is a graph showing a measurement result of lattice strain of Ni 

crystals of a Ni-plating layer of a Sn-plated stainless steel sheet obtained in 

Example 9. 

MODE FOR CARRYING OUT THE INVENTION 

[0014] As mentioned above, the Sn-plated stainless steel sheet of the present 

invention includes a stainless steel sheet, a Ni-plating layer having a thickness of 

0.3 to 3 jjm formed on the stainless steel sheet and a Sn-plating layer having a 

thickness of 0.3 to 5 jam formed on the Ni-plating layer, in which a Ni crystal of 

the Ni-plating layer has a lattice distortion of 0.5% or less. 

[0015] The present inventors have earnestly studied in view of the 

above-mentioned prior art. As a result, it was fund out that generation of a 
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whisker is suppressed even under an environment where generation of a whisker 

has conventionally been observed, when a Ni-plating layer having a specific 

thickness is provided between a stainless steel sheet and a Sn-plating layer, a 

lattice distortion of a Ni crystal of the Ni-plating layer is controlled to 0.5% or less, 

and a thickness of the Sn-plating layer is controlled to a specific thickness. The 

present invention has been accomplished on the basis of the above findings. 

[0016] Examples of the stainless steel sheet include, for example, a sheet of 

austenitic stainless steel such as SUS301, SUS304 and SUS316! a sheet of ferritic 

stainless steel such as SUS430, SUS430LX and SUS444! a sheet of martensitic 

stainless steel such as SUS410 and SUS420, which are prescribed in JIS! and the 

like. The present invention is not limited only to those exemplified ones. 

[0017] It is preferred that the surface of the stainless steel sheet which is used in 

plating is smooth. When the surface of the stainless steel sheet is smooth, a 

pinhole is hardly generated in a plated metal since the plated metal is deposited 

in the form of a sheet on the surface of the stainless steel sheet, and grows up 

homogeneously. Therefore, the smoothness of the surface of the stainless steel 

sheet is preferably 0.3 jam or less, and more preferably 0.2 jam or less when the 

smoothness is determined as an Arithmetical mean deviation of roughness profile 

(Ra) in accordance with JIS B0601. 

[0018] Incidentally, pretreatment of the stainless steel sheet, such as degreasing 

and acid cleaning can be carried out prior to Ni-plating. 

[0019] In the present invention, there is one of some characteristics in that the 

lattice distortion of a Ni crystal of the Ni-plating layer of the Sn-plated stainless 

steel sheet is 0.5% or less. It is preferred that the lattice distortion of a Ni 

crystal of the Ni-plating layer is as low as possible, and the lower limit of the 

lattice distortion is 0%. 

[0020] In the present invention, the "lattice distortion of a Ni crystal" means a 
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lattice distortion of an Ni crystal of the Ni-plating layer of the Sn-plated stainless 

steel sheet when the lattice distortion of a Ni crystal is determined by a method 

described in the following EXAMPLES. The lattice distortion of the Ni crystal 

can be determined by X-ray diffraction of the Sn-plated stainless steel sheet. 

[0021] When a Ni-plating layer is formed on a stainless steel sheet, a plating 

bath having a low Ni-deposition efficiency is usually used. The Ni-plating layer 

can be formed by Ni-plating for forming a Ni-plating layer as well as activating 

the surface of the stainless steel sheet (hereinafter referred to as "Ni-strike 

plating"). After the Ni-plating layer is formed by the Ni-strike plating, a 

Ni-plating layer can be further formed on the formed Ni-plating layer by a plating 

method using a plating bath having a high Ni-deposition efficiency (hereinafter 

referred to as "Ni-regular plating"). 

[0022] It is preferred that the Ni-strike plating is carried out by an electroplating 

method from the viewpoint of increase in adhesion between a stainless steel sheet 

and a Ni-plating layer. As the electroplating method, an electroplating method 

using a Wood's bath has hitherto been known. In contrast, in the present 

invention, an electroplating method using a sulfate only bath is preferred from 

the viewpoint of obtaining a Sn-plated stainless steel sheet having a Sn-plating 

layer excellent in adhesion to the stainless steel sheet, which is excellent in 

whisker resistance under various environments. The electroplating method 

using a sulfate only bath is a preferred plating method in the present invention as 

compared with other plating methods using other plating baths, because not only 

an amount of hydrogen generated can be easily changed by changing a 

concentration of sulfuric acid being added, but also a Sn-plated stainless steel 

sheet having a Sn-plating layer excellent in adhesion to the stainless steel sheet, 

which is excellent in whisker resistance under various environments can be 

obtained by increasing orientation of the [220] face in the Miller index of a 
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Ni-plating layer since a deposition overvoltage is high. 

[0023] It is preferred that the Ni-regular plating is carried out by an 

electroplating method from the viewpoint of industrial formation of a Ni-plating 

layer. The above-mentioned electroplating method includes, for example, an 

electroplating method using a sulfate only bath, an electroplating method using a 

Watts bath, an electroplating method using a sulfamic acid bath and the like, and 

the present invention is not limited only to those exemplified ones. The 

orientation of a Ni-plating layer formed by Ni-regular plating does not depend on 

the kind of a plating bath used in the Ni-regular plating, and is the same as the 

orientation of a Ni-plating layer formed by Ni-strike plating. Therefore, it is 

preferred that a Ni-plating layer is formed by Ni-strike plating using a sulfate 

only bath as a lower layer of the Ni-plating layer, and then a Ni-regular plating is 

carried out from the viewpoint of obtaining a Sn-plated stainless steel sheet 

having a Sn-plating layer excellent in adhesion to the stainless steel sheet, which 

is excellent in whisker resistance under various environments. 

[0024] It is preferred that the thickness of a Ni-plating layer formed on the 

stainless steel sheet is 0.3 jam or more from the viewpoint of suppression of 

generation of a whisker and increase in adhesive strength of a Ni-plating layer to 

a stainless steel sheet, and that the thickness is 3 jam or less since smoothness of 

a plating layer formed on the stainless steel sheet is lowered, and it will not be 

advantageous in cost when the Ni-plating layer is so thick. 

[0025] Next, Sn-plating is carried out on the surface of the Ni-plating layer 

formed on the stainless steel sheet, to form a Sn-plating layer. The Sn plating 

can be carried out by any of an electroplating method and an electroless plating 

method. The electroplating method includes, for example, an electroplating 

method using an alkyl sulfonic acid bath, a Ferrostan bath, a halogen bath and 

the like, and the present invention is not limited only to those exemplified ones. 
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[0026] It is preferred that the thickness of a Sn-plating layer formed on the 

stainless steel sheet is 0.3 jam or more from the viewpoint of suppression of 

generation of a whisker and increase in adhesive strength of a Sn-plating layer to 

a Ni-plating layer, and that the thickness is 3 jjm or less since smoothness of a 

plating layer formed on the stainless steel sheet is lowered, and it will not be 

advantageous in cost when the Sn-plating layer is so thick. 

[0027] As mentioned above, when the composition, temperature and current 

density of a plating bath and the like are controlled in Ni-plating, a Ni-plating 

layer having a thickness of 0.3 to 3 jam is formed on a stainless steel sheet, a 

Sn-plating layer having a thickness of 0.3 to 5 jam is formed on the Ni-plating 

layer, and a Sn-plated stainless steel sheet having a lattice distortion of a Ni 

crystal of the Ni-plating layer of 0.5% or less is obtained. The Sn-plated 

stainless steel sheet obtained in the above has a Sn-plating layer excellent in 

adhesion to the stainless steel sheet, and is excellent in whisker resistance under 

various environments. Therefore, the Sn-plated stainless steel sheet can be 

suitably used for electrical contact components such as a connector, a lead frame 

and a harness plug which are used in electrical equipment, electronic equipment 

and the like. 

[0028] Incidentally, generation of a whisker in the Sn-plated stainless steel sheet 

of the present invention can be suppressed without carrying out a reflow 

treatment. 

EXAMPLES 

[0029] Next, the present invention is more specifically described based on 

working examples. However, the present invention is not limited only to the 

examples. 

[0030] In the following examples and comparative examples, two kinds of a 

8 



stainless steel sheet shown in Table 1 were used. The sheet thickness, 

Arithmetical mean deviation of roughness profile Ra and chemical composition of 

the stainless steel sheet are shown in Table 1. 

[0031] [Table l] 

Stainless 
steel sheet 

Kind of 
steel 

Sheet 
thickness 

(mm) 

Arithmetical 
mean deviation 

of roughness 
profile Ra (jam) 

Chemical composition of stainless steel sheet 
(% by mass) Stainless 

steel sheet 
Kind of 
steel 

Sheet 
thickness 

(mm) 

Arithmetical 
mean deviation 

of roughness 
profile Ra (jam) C Si Mn P S Ni Cr 

A 
SUS 
430 

0.2 0.17 0.069 0.52 0.33 0.028 0.002 0.14 16.12 

B 
SUS 
304 

0.3 0.25 0.070 0.50 0.78 0.029 0.007 8.05 18.20 

[0032] Incidentally, the Arithmetical mean deviation of roughness profile Ra of 

the stainless steel sheet s was determined on the basis of the following method. 

[Measurement method of Arithmetical mean deviation of roughness profile Ra] 

A test piece having a length of 50 mm and a width of 50 mm was obtained 

by cutting each stainless steel sheet. The test piece was washed with acetone by 

means of ultrasonic cleaning, and then the Arithmetical mean deviation of 

roughness profile Ra of the test piece was determined in accordance with JIS 

B0601. The Arithmetical mean deviation of roughness profile Ra of the test 

piece was determined three times in the direction perpendicular to the rolling 

direction of the test piece, and its average was calculated. 

[0033] <Example 1> 

The stainless steel sheet A was used as the stainless steel sheet, and 

alkaline degreasing of the stainless steel sheet A was carried out under the 

following conditions. Thereafter, acid cleaning of the stainless steel sheet A was 

carried out under the following conditions^ 

[0034] [Conditions of alkaline degreasing] 

• Degreasing liquid: sodium orthosilicate 50 g/L 

• Degreasing conditions * 
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Bath temperature: 60°C 

Current density: 5 A/dm2 

Electrolysis period of time: anode 5 seconds —» cathode 5 seconds 

[0035] [Conditions of acid cleaning] 

• Acid cleaning liquid: sulfuric acid 50 g/L 

• Acid cleaning conditions: 

Bath temperature: 50°C 

Dipping period of time: 5 seconds 

[0036] Next, strike Ni-plating of the stainless steel sheet A to which acid cleaning 

was conducted in the above was carried out under the following conditions, to 

form a Ni-plating layer having a thickness of 1.0 jam on the stainless steel sheet 

A. 

[Conditions of strike Ni-plating] 

• Ni-plating bath (sulfate only bath): nickel sulfate 300 g/L, sulfuric acid 20 g/L 

(pH: 1.8) 

• Bath temperature of plating bath: 50°C 

• Current density: 8 A/dm2 

[0037] Next, Sn-plating of the stainless steel sheet on which the Ni-plating layer 

was formed was carried out under the following conditions, to form a Sn-plating 

layer having a thickness of 3.0 jjm on the Ni-plating layer of the stainless steel 

sheet, and thereby a Sn-plated stainless steel sheet was obtained. 

[0038] [Conditions of Sn-plating] 

• Sn- plating bath [available from C. Uyemura & Co., Ltd. under the product 

name: TYNADES GHS-51] (Sn2+ 50 g/L, free acid 120 mL/L) (pH: 0.2) 

• Anode: Sn plate 

• Bath temperature: 35°C 

• Current density: 10 A/dm2 
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[0039] Both of the thickness of the Ni-plating layer and the thickness of the 

Sn-plating layer were measured on the basis of the following method. 

[Method for measuring thickness of Ni-plating layer and thickness of Sn-plating 

layer] 

Both of the thickness of the Ni-plating layer and the thickness of the 

Sn-plating layer were measured on the basis of "Electrolytic testing method" 

prescribed in JIS H8501 by using an electrolytic plating thickness tester 

(available from CHUO SEISAKUSHO, LTD.). 

[0040] Next, in order to determine the lattice distortion of a Ni crystal of the 

Ni-plating layer, a wide angle X-ray diffractometer [available from Rigaku 

Corporation under the model number: RINT-TTR III type, X-ray source: CuKa 

rays, tube voltage: 50 kV, tube current: 300 mA, step width: 0.02°, measurement 

speed: 1 sec/step, slit: 0.5°-0.15 mm-0.5°, diffraction line curved monochromator] 

was used, to give an X-ray diffraction pattern of a Sn-plated stainless steel sheet. 

The X-ray diffraction pattern of a Sn-plated stainless steel sheet obtained in the 

above is shown in Fig. 1. 

[0041] Next, the lattice distortion of a Ni crystal of the Ni-plating layer was 

determined on the basis of the following method. The results are shown in Table 

2. 

[0042] [Method for measuring lattice distortion of a Ni crystal] 

On the basis of the X-ray diffraction pattern obtained in the above, a 

lattice distortion of a Ni crystal was determined in accordance with a method 

described at page 163 of "JEOL Application Note XR-23, "Principle and 

application of X-ray diffraction method (X-SEN KAISETSUHO NO GENRI TO 

OYO)" [Toshio SAKAMAKI, 1992, JEOL Ltd.] by using a peak integral width 

analyzing software [available from MDI (Materials Date Inc.), product number: 

JADE7] from peaks of Ni, which are not overlapped with the peaks of diffraction 
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lines ascribed to Sn and the stainless steel sheet used as a base material, which 

are included in peaks of diffraction lines ascribed to Ni in the Ni-plating layer of a 

Sn-plated stainless steel sheet, that is, respective peak area and respective peak 

position of the diffraction lines at three faces corresponding to Miller indexes of 

Ni[200], Ni[220] and Ni[31l]. More specifically, the lattice distortion of a Ni 

crystal of the Ni-plating layer of a Sn-plated stainless steel sheet was determined 

by the following method. By using the above-mentioned X-ray diffractometer, 

integral widths pi to p3 and Bragg angles 01 to 03 of three diffraction lines of Ni 

corresponding to Miller indexes of Ni[200], Ni[220] and Ni[311] were determined. 

The p2/tan20 and the p/tan0sin0 satisfy the relationship represented by the 

equation^ 

p2/tan20 = )JG x p/tan0sin0 + 4r\2 

wherein p is an integral width, X is a wavelength of X-ray, s is a length of a crystal 

lattice, and r\ is a lattice strain. Therefore, the p2/tan20 was taken as a Y axis, 

the p/tan0sin0 was taken as an X axis, and a linear approximate curve was drawn 

by using a minimum square method. The lattice distortion was determined from 

the Y-axis intercept of a straight line having a correlation coefficient of 0.9 or 

more. 

[0043] Next, as the characteristics of the Sn-plated stainless steel sheet obtained 

in the above, adhesion property and number of whiskers generated were 

examined in accordance with the following methods. The results are shown in 

Table 2. 

[0044] [Adhesion property] 

As a test piece, a Sn-plated stainless steel sheet was used. Each often 

pieces of test piece was subjected to a 180° bending test for adhesion, and a 

cellophane adhesive tape was stuck to the outer surface of a bent part in 

accordance with JIS Z1522. Thereafter, the cellophane adhesive tape was peeled 
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off, and the adhesion of the plating layer was observed with naked eyes. The 

adhesion property was evaluated in accordance with the following evaluation 

criteria. Incidentally, the evaluation of adhesive property of o or © satisfies 

acceptance criterion of adhesion property. 

(Evaluation criteria) 

©: Number of a test piece in which a plating layer is stuck to the cellophane 

adhesive tape is 0 (adhesion property of plating layer is excellent). 

O- Number of a test piece in which a plating layer is stuck to the cellophane 

adhesive tape is 1 to 3 (adhesion property of the plating layer is favorable), 

x: Number of a test piece in which a plating layer is stuck to the cellophane 

adhesive tape is 4 to 10 (adhesion property of the plating layer is bad). 

[0045] [Number of whiskers generated under high-temperature and 

high-humidity environment] 

A Sn-plated stainless steel sheet was cut into a size of 15 mm in 

longitudinal length and 15 mm in transversal length, to give three test pieces. 

The three test pieces were placed in a thermo-hygrostat chamber having a 

temperature of 85°C and a relative humidity of 85%, and maintained for 2000 

hours. Thereafter, the test pieces were taken out from the thermo-hygrostat 

chamber. 

[0046] A random area of 10 mm x 10 mm of each test piece which was taken out 

from the thermo-hygrostat chamber was observed with a scanning electron 

microscope, to count the number of whiskers having a length of 10 jjm or more. 

A test piece having a largest number of whiskers per one test piece was chosen 

from the three test pieces, and the number of whiskers was defined as a number 

of whiskers generated. Incidentally, when the number of whiskers generated is 

0, the test piece satisfies acceptance criterion. [0047] [Number of whiskers 

generated under environment having sudden change in temperature] 
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A Sn-plated stainless steel sheet was cut into a size of 15 mm in 

longitudinal length and 15 mm in transversal length, to give three test pieces. 

The three test pieces were placed in a thermo-hygrostat chamber. A test for 

changing the temperature in the chamber from -40°C to 85°C over a period of 30 

minutes was repeatedly carried out 1000 cycles, and then the test pieces were 

taken out from the thermo-hygrostat chamber. 

[0048] The test pieces which were taken out from the thermo-hygrostat chamber 

were observed with a scanning electron microscope in the same manner as in the 

above, to examine the number of whiskers generated. Incidentally, when the 

number of whiskers generated is 0, the test piece satisfies acceptance criterion. 

[0049] <Example 2> 

A Sn-plated stainless steel sheet was produced in the same manner as in 

Example 1 except that a stainless steel sheet B was used as the stainless steel 

sheet, and that the film thickness of the Ni-plating layer and the film thickness of 

the Sn-plating layer were changed to those listed in Table 2. The lattice 

distortion of a Ni crystal of the Ni-plating layer of the Sn-plated stainless steel 

sheet obtained in the above and characteristics of the Sn-plated stainless steel 

sheet were examined in the same manner as in Example 1. The results are 

shown in Table 2. 

[0050] <Examples 3 to 8> 

As a stainless steel, a stainless steel sheet A or a stainless steel sheet B 

shown in Table 2 was used. A Ni-strike plating layer was formed on the surface 

of the stainless steel sheet in the same manner as in Example 1 except that the 

film thickness of the Ni-plating layer formed by strike Ni-plating was changed to 

0.2 jam. Thereafter, Ni-plating of the sheet was carried out as regular Ni-plating 

under the following conditions, and the thickness of the whole Ni-plating layer 

was controlled so as to be a thickness shown in Table 2, to form a Ni-plating 
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layer on the surface of the stainless steel sheet. 

[0051] [Conditions of Ni-regular plating] 

• Ni- plating bath (Watts bath): nickel sulfate 300 g/L, nickel chloride 45 g/L, boric 

acid 35 g/L (pH: 3.9) 

• Plating conditions 

Bath temperature: 50°C 

Current density: 8 A/dm2 

[0052] Next, a Sn-plated stainless steel sheet was produced in the same manner 

as in Example 1 except that the thickness of a Sn-plating layer was controlled to a 

thickness shown in Table 2. The lattice distortion of a Ni crystal of the 

Ni-plating layer of the Sn-plated stainless steel sheet obtained in the above and 

characteristics of the Sn-plated stainless steel sheet were examined in the same 

manner as in Example 1. The results are shown in Table 2. 

[0053] <Example 9> 

As a stainless steel sheet, a stainless steel sheet A was used, and alkaline 

degreasing, acid cleaning and Ni-strike plating of the stainless steel sheet A was 

carried out in the same manner as in Example 3. Thereafter, regular Ni-plating 

of the stainless steel sheet A was carried out under the following conditions, and 

the thickness of the whole Ni-plating layer was controlled to a thickness shown in 

Table 2, to form a Ni-plating layer on the surface of the stainless steel sheet. 

[0054] [Conditions of Ni-regular plating] 

• Ni- plating bath (sulfamate bath): nickel chloride 15 g/L, nickel sulfamate 400 

g/L, nickel bromide 38 g/L (pH: 4.2) 

• Plating conditions 

Bath temperature: 50°C 

Current density: 8 A/dm2 

[0055] 
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Next, a Sn-plated stainless steel sheet was produced in the same manner 

as in Example 1 except that the thickness of the Sn-plating layer was controlled 

to a thickness shown in Table 2. The lattice distortion of a Ni crystal of the 

Ni-plating layer of the Sn-plated stainless steel sheet obtained in the above and 

characteristics of the Sn-plated stainless steel sheet were examined in the same 

manner as in Example 1. The results are shown in Table 2. 

[0056] As one example of the measurement results of length (s) of the Ni crystal 

lattice and lattice distortion of a Ni crystal of the Sn-plated stainless steel sheet, a 

lattice strain ratio of a Ni crystal of the Ni-plating layer of the stainless steel 

sheet obtained in Example 9 was determined for reference. The measurement 

results are shown in Fig. 2. The Sn-plated stainless steel sheet obtained in 

Example 9 had 0.0039 of 1/s and 0.0000502 of 4r\2. From these results, it was 

confirmed that the length (s) of the Ni crystal lattice was 250 nm and that the 

lattice distortion of the Ni crystal was 0.35%. 

[0057] <Examples 10 to 12> 

As a stainless steel sheet, a stainless steel sheet A or a stainless steel 

sheet B shown in Table 2 was used, and alkaline degreasing, acid cleaning and 

strike Ni-plating were carried out in the same manner as in Example 3 except 

that a bath temperature in the acid cleaning was controlled to room temperature. 

Thereafter, regular Ni-plating was carried out by using the above-mentioned 

sulfate only bath in Example 10, the above-mentioned Watts bath in Example 11 

and the above-mentioned sulfamate bath in Example 12, and the film thickness of 

the Ni-plating layer was controlled to a thickness shown in Table 2, to form a 

Ni-plating layer on the surface of the stainless steel sheet. 

[0058] Next, Sn-plating of the stainless steel sheet on which a Ni-plating layer 

was formed obtained in the above was carried out in the same manner as in 

Example 1, to give a Sn-plated stainless steel sheet having a Sn-plating layer of a 
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thickness shown in Table 2. The lattice distortion of a Ni crystal of the 

Ni-plating layer of the Sn-plated stainless steel sheet and characteristics of the 

Sn-plated stainless steel sheet were examined in the same manner as in Example 

1. The results are shown in Table 2. 

[0059] <Comparative Example 1> 

Aa a stainless steel sheet, a stainless steel A was used, and alkaline 

degreasing, acid cleaning and Ni-regular plating were carried out to control the 

film thickness of the whole Ni-plating layer to a thickness shown in Table 2 in the 

same manner as in Example 3 except that strike Ni-plating of the stainless steel 

sheet A was not carried out, to form a Ni-plating layer on the surface of the 

stainless steel sheet. 

[0060] Next, Sn-plating of the stainless steel sheet A on which a Ni-plating layer 

was formed was carried out in the same manner as in Example 1, to give a 

Sn-plated stainless steel sheet having a Sn-plating layer of a thickness shown in 

Table 2. The lattice distortion of a Ni crystal of the Ni-plating layer of the 

Sn-plated stainless steel sheet and characteristics of the Sn-plated stainless steel 

sheet were tried to be examined in the same manner as in Example 1. However, 

the evaluation for the number of whiskers generated was not carried out because 

adhesion of Ni-plating was not so good. 

[0061] <Comparative Example 2> 

As a stainless steel sheet, a stainless steel sheet B was used, and alkaline 

degreasing, acid cleaning and Ni-regular plating were carried out to control the 

film thickness of the whole Ni-plating layer to a thickness shown in Table 2 in the 

same manner as in Example 9 except that strike Ni-plating of the stainless steel 

sheet B was not carried out, to form a Ni-plating layer on the surface of the 

stainless steel sheet. 

[0062] Next, Sn-plating of the stainless steel sheet A on which a Ni-plating layer 
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was formed obtained in the above was carried out in the same manner as in 

Example 1, to give a Sn-plated stainless steel sheet having a Sn-plating layer of a 

thickness shown in Table 2. The lattice distortion of a Ni crystal of the 

Ni-plating layer of the Sn-plated stainless steel sheet and characteristics of the 

Sn-plated stainless steel sheet were tried to be examined in the same manner as 

in Example 1. However, the evaluation for the number of whiskers generated 

was not carried out because adhesion of Ni-plating was not so good. 

[0063]<Comparative Examples 3 to 5> 

As a stainless steel sheet, a stainless steel sheet A or a stainless steel 

sheet B shown in Table 2 was used, and alkaline degreasing and acid cleaning 

were carried out in the same manner as in Example 1. Then, strike Ni-plating 

was carried out under the condition of strike Ni-plating shown below so that a 

thickness of the Ni-plating layer was controlled to 0.2 jam. Thereafter, regular 

Ni-plating was carried out by using the above-mentioned sulfate only bath in 

Comparative Example 3, the above-mentioned Watts bath in Comparative 

Example 4 and the above-mentioned sulfamate bath in Comparative Example 5, 

and the thickness of the whole Ni-plating layer was controlled to a thickness 

shown in Table 2, to form a Ni-plating layer on the surface of the stainless steel 

sheet. 

[0064] [Conditions of strike Ni-plating] 

• Ni- plating bath (Wood's bath): nickel chloride 240 g/L, hydrochloric acid 125 

mL/L (pH: 1.2) 

• Plating conditions 

Bath temperature: 35°C 

Current density: 8 A/dm2 

[0065] Next, Sn-plating of the stainless steel sheet on which a Ni-plating layer 

was formed obtained in the above was carried out in the same manner as in 

18 



Example 1, to give a Sn-plated stainless steel sheet having a Sn-plating layer of 

thickness shown in Table 2, and lattice distortion of a Ni crystal of the Ni-plating 

layer of the Sn-plated stainless steel sheet and characteristics of the Sn-plated 

stainless steel sheet were examined in the same manner as in Example 1. The 

results are shown in Table 2. 

[0066] <Comparative Examples 6 to 8> 

As a stainless steel sheet, a stainless steel sheet A or a stainless steel 

sheet B shown in Table 2 was used, and alkaline degreasing, acid cleaning and 

strike Ni-plating were carried out in the same manner as in Comparative 

Example 3 except that the acid cleaning was carried out at a bath temperature of 

50°C. Thereafter, regular Ni-plating was carried out by using the 

above-mentioned sulfate only bath in Comparative Example 6, the 

above-mentioned Watts bath in Comparative Example 7 and the above-mentioned 

sulfamate bath in Comparative Example 8 to control the thickness of the whole 

Ni-plating layer to a thickness shown in Table 2, to form a Ni-plating layer on the 

surface of the stainless steel sheet. 

[0067] Next, Sn-plating of the stainless steel sheet on which a Ni-plating layer 

was formed obtained in the above was carried out in the same manner as in 

Example 1, to give a Sn-plated stainless steel sheet having a Sn-plating layer of a 

thickness shown in Table 2, and the lattice distortion of a Ni crystal of the 

Ni-plating layer of the Sn-plated stainless steel sheet and characteristics of the 

Sn-plated stainless steel sheet were examined in the same manner as in Example 

1. The results are shown in Table 2. 

[0068] <Comparative Example 9> 

As a stainless steel sheet, a stainless steel sheet A was used, alkaline 

degreasing and acid cleaning were carried out in the same manner as in Example 

1 except that the acid cleaning was carried out at a bath temperature of room 
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temperature in accordance with the description in WO 1999/025486. Thereafter, 

strike Ni-plating was carried out under the conditions of strike Ni-plating shown 

below so that the thickness of the Ni-plating layer was controlled to 0.2 jam. 

[0069] Next, the film thickness of the whole Ni-plating layer was controlled to a 

thickness shown in Table 2 by using the above-mentioned Watts bath, to form a 

Ni-plating layer on the surface of the stainless steel sheet A to which strike 

Ni-plating was conducted. 

[0070] [Conditions of strike Ni-plating] 

• Ni- plating bath: nickel sulfate 200 g/L, sulfuric acid 50 g/L (pH: 0.5) 

• Bath temperature of plating bath: 45°C 

• Current density: 8 A/dm2 

[0071] Next, Sn-plating of the stainless steel sheet on which a Ni-plating layer 

was formed obtained in the above was carried out by using a Ferrostan bath, to 

give a Sn-plated stainless steel sheet having a Sn-plating layer of a thickness 

shown in Table 2, and the lattice distortion of a Ni crystal of the Ni-plating layer 

of the Sn-plated stainless steel sheet and characteristics of the Sn-plated 

stainless steel sheet were examined in the same manner as in Example 1. The 

results are shown in Table 2. 

[0072] <Comparative Examples 10 and 11> 

As a stainless steel sheet, a stainless steel sheet A or a stainless steel 

sheet B shown in Table 2 was used, and a Sn-plated stainless steel sheet was 

produced in the same manner as in Example 1 except that the film thickness of 

the Ni-plating layer and the thickness of the Sn-plating layer were changed to 

those shown in Table 2. The lattice distortion of a Ni crystal of the Ni-plating 

layer of the Sn-plated stainless steel sheet obtained in the above and 

characteristics of the Sn-plated stainless steel sheet were examined in the same 

manner as in Example 1. The results are shown in Table 2. 
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[0073] [Table 2] 
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[0074] According to Comparative Examples 1 and 2, the Sn-plated stainless steel 

sheet was poor in adhesion of plating since strike Ni-plating was not employed. 

According to Comparative Examples 3 to 9, since the lattice distortion of the 

Ni-plating layer exceeded 0.5% due to carrying out of strike Ni-plating which 

generated hydrogen in a large amount, whiskers were generated under an 

environment having a sudden change in temperatures. According to 

Comparative Examples 10 and 11, whiskers were generated because the 

thickness of the Ni-plating layer was too small. 

[0075] In contrast, the Sn-plated stainless steel sheet obtained in each Example 

had a Ni-plating layer of a desired thickness and a Sn-plating layer of a desired 

thickness, and the lattice distortion of a Ni crystal of the Ni-plating layer was 

0.5% or less. Therefore, it can be seen that generation of whiskers was 

suppressed, and adhesion of a plating layer to a stainless steel sheet was 

favorable. 

INDUSTRIAL APPLICABILITY 

[0076] The Sn-plated stainless steel sheet of to the present invention is expected 

to be used for, for example, electrical contact components such as a connector, a 

lead frame and a harness plug which are used in electrical equipment, electronic 

equipment and the like. 
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CLAIMS 

1. A Sn-plated stainless steel sheet, comprising a stainless steel sheet, a 

Ni-plating layer having a thickness of 0.3 to 3 jjm formed on the stainless steel 

sheet, and a Sn-plating layer having a thickness of 0.3 to 5 jam formed on the 

Ni-plating layer, wherein a Ni crystal of the Ni-plating layer has a lattice 

distortion of 0.5% or less. 

2. The Sn-plated stainless steel sheet according to claim 1, to which a reflow 

treatment has not been subjected. 
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