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Micro-dimple Arrayson Curved Metal Surface by
Electrodeposition Using Colloidal Particle Mask

QIN Ge, ZHOU Kui, MING Ping-mei, ZHANG Xin-min, LI1U Kai-rui

(School of Mechanical and Power Engineering, Henan Polytechnic University, Jiaozuo 454003, China)

ABSTRACT: The work aims to prepare the microstructure on free-curved surfaces of metal workpieces. A novel process to
prepare colloidal particle mask on curved surfaces of metal workpiece by interface transfer method and fabricate micro-dimple
array between colloidal particles by electrodepositing process was proposed. The monolayer colloidal particle mask could be
formed on the curved surface of the metal workpiece by the interface transfer method. The micro-dimple array with a good uni-
formity was obtained by electrodepositing at current density of 0.3 A/dm? for 20 min after the removal of the colloidal particle
mask, and the diameter of single micro-dimple was about 3.4 um. After electrodepositing for 20 min at current density of 0.3
A/dm?, the diameter of micro-dimples increased with the prolongation of the electrodepositing time, and the hydrophobicity of
the deposited layers increased firstly and then decreased with the increase of the micro-dimple diameter. The deposited layer
with best hydrophobicity was obtained when the diameter of the micro-dimple was about 5 pm, and the contact angle on the
cylinder surface was about 120°. Micro-dimple array on the curved surface of the metal workpiece can be obtained by electro-

deposition process with the colloidal particle mask formed by the interface transfer method. The deposited layer with the mi-
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cro-dimple array is the hydrophobic surface. The micro-dimple array with the good hydrophobicity can be obtained by adjusting

the electrodepositing time and the current density.

KEY WORDS: curved metal surface; colloidal particle mask; electrodeposition; interface transfer method; micro-dimple; hy-

drophobicity
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Fig.1 Scheme of micro-dimple array fabricated by the electrodeposition process on the curved
surface of a metal workpiece with a colloidal particle mask
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Fig.2 Schematic diagram of the device for the formation of the colloidal particle mask by the interface transfer method
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Tab.1 Components of electrolyte

Components Content/(g-L™")
Ni(SO3;NH,), 4H,0 360
H;BO; 40
NiCl,-7H,0 10

Electrode supporter
Ring anode

Cylinder cathode
Colloidal particle mask

Electrolyte
Electrodepositing container
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Fig.3 Schematic diagram of the device for
electrodepositing process
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Fig.4 Monolayer colloidal particle mask fabricated by
the interface transfer method on curved metal surface:
a) low magnification; b) high magnification
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Fig.5 Morphology of the stainless steel tube after electrodeposition process and the removal of the colloidal
particle mask (J =0.3 A/dm?, 1 =20 min): a) Optical image; b) SEM image of region II; ¢c) SEM image of region III
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Fig.6 Morphologies of water droplets on metal surfaces: (a)—(c) surface of stainless steel tube, (d)—(f) surface of flat
stainless steel (J =0.3 A/dm?, 1 =20 min); (a), (d) region of no electrodeposition; (b), (¢) region of electrodeposition
without colloidal particle mask; (c), (f) region of electrodeposition with the colloidal particle mask
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Fig.7 Contrast of morphologies and moisture of electrodeposition layers obtained under different
electrodeposition time (J =0.3 A/dm?)
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