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Process for Localized Electrochemical Additive Manufacturing of
Three-dimensional Micro-spiral Components

PAN Jiabao JIA Weiping WU Menghua SU Xiaobing LIU Tao
(College of Mechanical Engineering, Dalian University, Dalian 116622, China)

Abstract: Localized electrochemical additive manufacturing technology has long always been a research hotspot in the field of
additive manufacturing, because of its advantages such as deposition on a variety of materials, electrodeposited high- precision
complex structures, and production of the micro- and nanoscale metal parts. Most studies have focused on the influence of process
parameters on microcylinder electrodeposition; their influence on microspiral parts has yet to be investigated systematically. In this
study, micronickel spiral parts with a height of approximately 1 mm were successfully manufactured using localized electrochemical
additive manufacturing technology. Single-factor experiments were carried out to investigate the effects of the electrode voltage, pulse
duty cycle, and initial interelectrode gap on the diameter of spiral parts, rate of deposition and surface morphology. An
electrochemical deposition experimental platform was built with a tapered platinum wire and copper plate as the anode and cathode,
respectively. The electroplating solution flowed from the microgap between the anode and diversion cavity down to the surface of the
copper substrate, applying the voltage. A three-axis linkage platform was used to control the trajectory of the anode. The microspiral
parts were electrodeposited by the precise point-to-point matching path of the anode to the deposition structure. The microscopic
morphology and cross-sectional diameters of the bottom, middle, and tip of the microspiral component were investigated by scanning
electron microscopy and digital microscopy. The results show that the electrode voltage, initial electrode gap, and duty cycle are the
key parameters that determine whether the spiral structure can be formed. The spiral microcomponent is divided into three parts: the
bottom part deposited on the copper substrate plane, the middle rotating part, and the tip of the spiral structure. The electrodeposited
bottom structure tends to be conical, which is the tip effect at the end of the shape.When the electrode voltage is between 4.0 V and
4.4 V, the microspiral parts display a uniform and regular structure, and a large number of nodular deposits up to 4.6 V. The

deposition rate increased from 210 pm®/s to 5728 um®/ s when the voltage increased from 4.0 V to 4.6 V, which tends to grow
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linearly. The average diameter of the microspiral structure increased from 128 um to 163 um when the initial interelectrode gap
increased from 5 um to 20 pm. The bottom of the microspiral structure became thicker and the diameter fluctuations increased. The
spiral structure has regular shape and uniform diameter when the pulse duty ratio is between 50% and 60%. When the pulse duty cycle
increased to 70-80%, the spiral structure appeared as large tumor-like deposits. Finally, the microspiral component (two turns; pitch
of 400 pm) with good micromorphology and uniform diameter was obtained under the following optimized experimental parameters:

interelectrode voltage of 4.2 V, pulse duty cycle of 60%, and initial electrode gap of 5 um. This study demonstrates the feasibility of

using localized electrochemical additive manufacturing technology to produce three-dimensional metal microspiral structures.
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(e
=
il

UEAEA S HUAR I U AN v o R 3k /N
b S E a7 R RN H i, MEMS P= 52
WURS WY KA HLas N S ZE 55 s
3z NP EAA I MEMS HoR G — L))
B, AR TR B T 4, DAl A fE — 2
TR B BESRAG m it g b, bednih K 21— 24 iy
N ¥ R Y E EN A NS Ry Y g a e
(4% 1) = AR 25150 Sk e 2 A e A B SR
(IR AR g, X ARk A [R) 1 0 T 2 A e 1
AHEARERE

ST B HL A B A s 5 AR AN AT B A 11 3
FiRTTEEZ R R OB R B R VR S 5 4 i
HIE LAY, I fe i 2 O H R A K RE 4R
TAFIRF AL, JF BRI i34 To 75 S P S5 nT
AR ROE ,  I DL Sl vk 27 36 4 )3 — B DAk
S BB ) 3¢ 45 S AT B B B g B B L HU
AtV o AR R TR A R B 7, )
YRR TERNIE 2 R e 4k —dE b, JFHAT
AR e 2R IR TE AR, A PR ) = 4 FR TR
DI T A gk . LIN 2PV ) B
MAGE (RIf#BHAR 51 5 8% ke X LECD (g

(a) Tonic motion diagram
Bl 1 S S r A 2 A T3 P BT D 2

Fig. 1 Forming principle of localized electrodeposition additive manufacturing
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Fig. 2 Electrodeposition additive manufacturing platform
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Table 1 Composition of electroplating solution and

process parameters

Composition Content
Ni(NH,S03), « 4H,0 /(g + L) 300
NiCl, » 6H,0 /(g + L™ 30
H;BO3 /(g + L) 30
Flow velocity of plating solution / (ml + min™" 30
Deposition height / um 1 000
Temperature / 'C 45-50
Pulse frequency / kHz 10
Duty cycle / % 50, 60, 70, 80
Inter-electrode gap / pm 5, 10, 15, 20

Pulse voltage / V 4.0, 42, 44, 46

PH value of electroplating solution 4
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Fig. 4 Pattern of microspiral components at different inter-electrode voltages
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