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Abstract: The deformation texture and surface microstructure of nickel coating induced by deep cup-drawing were studied by X-ray
diffractometry and SEM. The steel sheet with nickel coating was firstly punched to designed degree of cup shapes. Then the texture
of the coating was determined by XRD and the surface microstructure was observed by SEM. The results indicate that, the nickel
coating material includes three kinds of textures, i.e. Ni (111), Ni (200) and Ni (220). After cup-drawing deformation, there doesn’t
appear new texture component for nickel coatings but the change of the intensity of the deformation textures. In the cup-deformation
process, the two kinds of main textures Ni (111) and Ni (200) increase in the first and second cup-drawing procedures and then
reduce quickly in the third and fourth drawing procedure. However, for the Ni (220) texture, it always increases in whole
cup-drawing procedures. With the increase in the drawing, there are some cracks to be found, but not delamination. This shows that
nickel coating and the substrate have a good combinable performance.
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1 Introduction

The nickel electrodeposited carbon steel sheet can
be prepared by bilaterally electrodepositing nickel on
low carbon steel sheet and its thickness is 1-20 mm. The
grain size is in micrometer or nanometer [1—4]. The
electrodeposited nickel coating becomes an important
engineering material. It is found that this material has
good corrosion resistant, attractive toughness and
excellent plasticity, which offers the potential for
advanced structure applications. In addition, the adhesion
strength of electrodeposited nickel coating to substrates
is excellent for their successful performance [5—8].

With the development of this material, the
technique that the nickel is firstly
electrodeposited on the steel substrate and then the

processing

coating and substrate are wholly formed is put forward
instead of the process technique, that the steel is firstly

formed and then the production surface is

electrodeposited by nickel coating. Therefore, the
formability of sheet with coating is an important
processing technology [9—12]. There are initial textures
in the electrodeposited nickel coating [13]. The
deformation-induced textures in the coating more
significantly influence the deformation performance of
the electrodeposited nickel coating than that of bulk
materials. Furthermore, the deformation-induced textures
also influence the other performance of the coating, such
as corrosion performance. The mechanism of the
deformation-induced texture in nickel has still not been
clearly elucidated. Therefore, it is necessary to study the
deformation-induced textures in the -electrodeposited
nickel coating [14—15].

In this work, the deformation-induced textures and
surface microstructure of electrodeposited nickel coating
with the micrometer grain size were experimentally
studied. Firstly, the steel sheet with nickel coating was
punched to designed degree of cup shapes. Then the
texture of the coating was determined by XRD and the
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deformation-induced texture was discussed. The surface
microstructure of nickel coating after cup-drawing was
observed by SEM.

2 Experimental

A lower carbon steel sheet with thickness of 0.3 mm
was used as substrate. A uniform nickel coating of 3 pm
in thickness was prepared by electrodepositing method
on both sides of the steel sheet. The coating was obtained
with nickel sulphate electrolyte composed of 250 g/L
NiSO46H,0, 50 g/L NiCl,-6H,0, 35 g/L H3;BO;. Pure
nickel was used as the anode. The pH value was adjusted
with sulfuric acid to 4.0 at 42 ‘C. A conventional rotating
disc electrode setup was used for electrodeposition.
Before electroplating, pretreatments were necessary to
get rid of the impurities. And the pretreatment procedure
of substrates can be shown in Fig.1 (rinsing samples with
de-ionized water).

| Sodium hydroxide solution, 30 min|

1
|P01ishing|—>|Rinsing |_>|Oil removing |—>| Rinsing |

\i
Rinsing Preparing Rinsing '<—| Activationl

| Diluted hydrochloric acid, 120 s |

Fig.1 Technical flow chart of electrodeposited plating

The cup-drawing process of steel sheet coated
nickel was studied. There were four working procedures
to make a deep cup shape. The schematic drawing of the
first deep-drawing process procedure is shown in Fig.2
(due to shape symmetry, only 1/4 of the geometry is
shown). The parameters of the geometry of the tools and
the sheet are listed in Table 1.

Four cup-drawing procedures were made and the
depths of the four cups were 15, 20, 25 and 40 mm,

Punch

Blankholder

Sheet

Die

Fig.2 First deep cup-drawing procedure

Table 1 Parameters in first cup-drawing produce

Parameter Value
Initial diameter of steel sheet/mm 55
Initial thickness of steel sheet/mm 0.25
Initial thickness of Ni coating/mm 10
Punch diameter/pm 31
Radius of curvature at punch/mm 5
Blank holder diameter/mm mer: 36
outer: 55
Blank holder force/kN 1

Die diameter/mm Inner: 32 outer: 55

Radius of curvature at die shoulder/mm 5

respectively. After each cup-drawing procedure,
deformation-induced texture analysis was performed on
a Bruker-AXS D500S theta-theta X-ray diffractometer
with a diffracted beam graphite monochromator, using
Cu K, radiation. 26 was 20°—90° with a step size of 0.01°.
At the same time, Philips Sirion 200 field emission
scanning electron microscope (SEM) was used to show

the surface morphology of nickel coatings.
3 Results and discussion

3.1 Evolution of textures

The texture composition and structure of Ni
coatings under different drawing procedures were
investigated using XRD and the result is shown in Fig.3.
The position of the mark is the position that the texture is
measured.

As can be seen from Fig.3, the Ni peaks indexed as
(111), (200) and (220), at angles 44.55°, 51.89° and
76.45°, match closely with listed values for fcc Ni peaks
in XRD data tables. However, the textures Fe (200) and
(211) do not exist in the nickel coating but in the lower
carbon steel sheet. For all the cup-drawing procedures,
no new texture component can be found due to the
deformation. However, the intensity of the every texture
components is changed.

In order to understand the texture of the Ni coating
under the whole cup-drawing procedures, Fig.4 shows
the intensity change of textures under different
cup-drawing procedures.

From Fig4, it can be found that in the
cup-deformation process, two kinds of main textures Ni
(111) and Ni (200) increase in the first and second
cup-drawing procedures and then reduce quickly in the
third and fourth drawing procedures. However, for the
(220) texture, it always increases in whole cup-drawing
procedures.
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Fig.3 XRD patterns of deformed Ni coating: (a) First cup-drawing procedure; (b) Second cup-drawing procedure; (c) Third

cup-drawing procedure; (d) Fourth cup-drawing procedure
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Fig.4 Intensity change of textures under different cup-drawing

procedures

3.2 Evolution of surface morphology

Fig.5 shows the surface morphologies of nickel
coating after cup-drawing deformation on the marked
positions in Fig.3. From Fig.5 (a) it can be seen that the
surface is smooth and no pinhole or micro-crack is found.

With the increase of the cup-drawing deformation in the
coating, the and the
micro-crack is found in Figs.5 (b), (c) and (d). There are
not delamination. This shows that nickel coating and the
substrate have a good combinable performance.

surface roughness increases

4 Conclusions

1) Nickel coating material includes three kinds of
textures, i.e. Ni (111), Ni (200) and Ni (220). After
cup-drawing deformation, there is no new texture
component for nickel coatings, but the change of the
intensity of the deformation textures is found.

2) In the cup-deformation process, the two kinds of
main textures Ni (111) and Ni (200) increase in the first
and second cup-drawing procedures and then reduce
quickly in the third and fourth drawing procedure.
However, for the (220) texture, it always increases in
whole cup-drawing procedures.

3) With the increase of the cup-drawing deformation
in the coating, the surface roughness increases and the
micro-crack is found.
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Fig.5 Surface morphologies of nickel coating after cup-drawing deformation: (a) 15 mm deep cup; (b) 20 mm deep cup; (c) 25 mm

deep cup; (d) 40 mm deep cup
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