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Effects of Cobalt Content on Replication Quality for Micro/nano-structural Morphology
of Electroformed Nickel Cobalt Alloy Mold Insert

QIANG Jun, JIANG Bingyan, DONG Yanzhuo, WENG Can
(College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China)

Abstract: To study the influence of cobalt additions on the replication quality about micro/nano-structures of lotus-leaf-like
nickel-cobalt alloy insert, the vertical rotating cathode micro electroforming technology was used to manufacture various
inserts. Scanning electron microscope (SEM) and energy dispersive spectrometer (EDS) were used to analyze the replication
quality and composition. Results show that the influence of the internal stress on the electroforming surface causes the
corrugation on the surface of lotus-leaf-like nickel-cobalt alloy insert after adding some cobalt in the normal electroforming.
Additionally, the microstructure of the insert is affected by tensile stress according to the analysis of the microcosmic
morphology of the insert, and the micro-level holes are stretched in a specific direction of different degrees. With the increase
of the cobalt content in electrolyte, the level of stretch tends to increase and then decrease (level of stretch: cobalt addition
0 g/L < cobalt addition 40 g/L < cobalt addition 10—30 g/L). Moreover, the addition of cobalt in the electroforming layer is
propitious to grain refinement. Meanwhile, the replication quality becomes higher and nanostructures of the insert surface
become smaller with the addition of the cobalt in electrolyte.
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Table 2 Process parameters of rectangular pulse power supply

Parameters Values
Current density / (A-dm™) 4
Wave shape Rectangular
Positive pulse duty ratio 75%
Negative pulse duty ratio 3%
Frequency / Hz 800

Components Contents
Ni(NH2S03)2-4H20 / (g-L™) 400
Co(SO3NH2)2-4H20 / (g'L™) 0-40
NiCL2/(g'L™") 10
H3BOs3/(g'L™) 20
NaCsH17SO4/ (mL-L™") 5
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(a) Low magnification

(b) High magnification
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Fig.4 SEM images of the lotus leaf surface

CA =159.85°

P 5 filp TSl A

Fig.5 Static contact angle of the lotus leaf surface
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Table 3 Element content in the deposit of Ni-Co alloy (/%)

Co content in electrolyte/(g-L™")

Element
10 20 30 40
Co 22.41 39.69 49.80 51.49
Ni 77.59 60.31 50.20 48.51
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Fig.6 Cobalt content in the deposit of Ni-Co alloy varied with the
content of cobalt in electrolyte
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Fig.7 Macroscopic images of Ni-Co alloy mold inserts with different cobalt content

100 im

(a) 0 g/L

(d)30 g/L

100 pum

. X
15l 00, i
W = Sever e

(e) 40 g/L

Pl 8 RIS & BN £ B ANE SEM OIIEST (500%)
Fig.8 SEM images of Ni-Co alloy mold inserts with different cobalt content (500x)
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