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Study on forming rules of electrohydrodynamic Redox 3D printing
for metal copper wire

Wang Yaxiao, Yang Jianjun®, Han Yusheng, Zheng Ying
(School of Mechanical and Automotive Engineering, Qingdao University of Technology,
Qingdao 266520, China)

Abstract: Electrohydrodynamic Redox (Reduction-Oxidation) printing (EHD-RP) can directly
manufacture metal 3D structures at micro and nano scale without post-processing, but the printing process
is sensitive to parameters such as voltage and printing speed. To solve this problem, CuSO4 solution was
used as printing material, and the influence law of voltage and printing height on electrohydrodynamic jet
was analyzed by multi-physical field simulation. The influence law of printing voltage, printing height,
air pressure and printing speed on deposited copper wire diameter during electrohydrodynamic Redox
printing was explored through specific experiments, and wire grid and mesh grid samples were printed.
The light transmittance test of the finished product shows that the electrode has gentle spectral
transmittance in the visible range. It provides theoretical support for the further development of
electrohydrodynamic Redox 3D printing technology.
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70 +

60

50
40

30

TENLRTE /um

of the printing line

() THHBZ (b) W
B 7 FTEDESRER IR RARITEME IR
Fig.7 Discharge phenomenon during printing

and damaged nozzles

REFH BT SEAE, B —EHBE TAH
FY BN = BEXTFT VLR B8 520 o 4T Bl sy FE XS 4T B R 58
s EI8F i~ . HUE 100 VI, FTEIEER T
0.15 mmtf, HLI% Jgad /N, AN J2 DAV W 2 21 8
o MH R —E R, BEAEFT B EH0.05 mmI oK E
0.20 mm, T EPZR TR AR, X2 RIAHT Bl &
T, M R R R L SR B RN, S EUHES IR
K ARaE, A& ELERBLA, JH
NG B RID GRS ER, WEFTR.

MFTEN G N0.05 mm, 1 B HL R #8400 VIRF, w5
W 5 L R (] 2, TeVE AT IE# VAR

—=— (.05 mm
[ —*— 0.10mm
80 —— 0.15mm
75L —¥ 020 mm

FTENERBE /um
=)
2

100 200 300 100 500
HIEV

E 8 TENEEXATENLFERIR M E
Fig.8 Influence law of print height on print line width

E9 TENSEHHEAHEE
Fig.9 Uneven edge morphology of the print

2.2 SEMITENBRAF

FTENAE B K /N2 52 M T B R} H V00 5 1
FEREZE, EFTEREF, Eaiaw S g st
R B A — e R, e T2 AL
LT, FTERRPRI H B B 2 H AU SRR 1.
RAEEED, BeSFEHHBGEER/N, HRER
iX, FTENM S & BT, SFEAEL TN
FTEN, WRARMEE R, e FECRBOEEL K,
HlE 2, fTERSLLE % HA G K,

T EDHL N300 V, FTERF & A sl N
10 mm/s, FT EIMTHE 2R 1B 29 90.10 mm. A i
SRR, R FCAERTFT ENLR 58 i 5 ma A
AURAE X T BPER T B sE A A P 10T 7R o BH SRS
SEPLTTHIL, IEHE BN 10 pmit), B ST AR R
AN T IEB R N EER, WA AN L (1
W E@FTR): SR E S K EI80 kPalf i,
THRELE AN E 11(b)FTR). BEETEN LA
Wik, FTENR S EARMAEARRRE R, HS)E
FH20 kPal K100 kPaftf, FTEPZETEHI K T 80% /e



2025 11 H

BES %I

47 A5 11 B CRE 392 4D *35-

Ay RXAEPRUDN SRR R RN N, 7 A R HE
SHRBAE BN, SEUUR S RE&ERIE M.

70

. . . . .
20 40 60 80 100
LUK /kPa

10 SEIHTENIEHIRAME

Fig.10 Influence law of air pressure on the width of the

=
=

ATENZE R /pum
2

&
>
T

30

printed line

(a) BRI

(b) VAL
11 ANESETHIFTENHR

Fig.11 Printing effects under different air pressures

2.3 {TENEEEXFFTENSIRAF MY

T WAE A PO B b T B B AT A i
WoE, EWRELFEERT, gmEiiiiEErE
AR E M. BAKE b, FTE S B 4
JE BT TARIS 8], FT BRI EER, 3 Ji7 S R ()5
ARG FELT, FTEHURENS, 05 R B [, PR
&R SRR AL ik, 76 REEE SRR
St MR EHIE, EETHHER300V, Sk
40 kPa, T[T 2L AP 2 280.10 mm, $RFTHT
EIY 3 BERTFT B 28 % 1R 50

FT O BE XS FT B LR B8 s A i 1 2 s . Bl
FFTEN L AT, DR 2R 58 Bl 2 980/ o
FR B SR —E N, WA E—E, T
HEEE, B B AR A R E Rk, P
PAUTAR B 8 26 AR /N o AHFT ERIE B2 IS mm/s

F = F30 mm/shf, FTEPZSE R 46/ 16 pm/A 4y, iX
SRR BRI R FE RIS, W 3B R AR A R
5K Sy /N o m) DY JE 98, B AT B o8 e 28 i 1)
SOMAEL /N o 4FT B EEHE I 30 mmy/si, BRI B2 H
ME BTN, WEI13HR.

48

FTERZR B /um
5 £ %

s
=
T

o
o
T

[
=

5 10 15 20 30
FTENHERE, (mm-s™)

12 {TEMREHHTENRTE AR AR

Fig.12 Influence law of printing speed on print line width

B 13 €BZTERHS

Fig.13 Uneven metal reduction phenomenon

2.4 £ fi

N T R T RIR AR B ) A AR JE T B
SERE, EFE30 pmiBiHE, HLE300V, S H40 kPa,
FTEN R E0.10 mm, FTELEE10 mm/s, #EATAFE
TR FTER, 25 R 147

(a) J&3H 0.10 mm



* 36+ Nov. 2025

Plating and Finishing

Vol.47 No.11 Serial No.392

(b) JEH 0.05 mm
B 14 AREEAMITLEAFTENSR
Figl4 Printing effects of different periodic grid structures

A5 2R A0 BT DL 23 6 06 B VX AT B i Wl 2t AT
BN, WARER W E S5 FR.

95

ol /JJ\/V N

*®
n

- 10 mm
ST _~—1.0mn
~

~/

\/\/\/\/_\/\/\/\_/“ 5 mm

EEE/%

-
th
T

65

050 a0 450 500 S50 60 es0 700 780 800
P emm
B 15 TRIEAMBERREINT LB EE
Fig.15 Ultraviolet-visible light transmission spectra

of different periodic grid structures

M RGE RAT 0, 1R WOGTE 2 N, REille:
PERA R HEERE, TEB K N550 nm K
4b, FAHIJ9500 pmAT1 000 wm P9 HE 25 # Fa A
Ry AINTS5.02%F182%, HIILAT WL, 7E AT WG
Z WFTENI AR 45 W BB AT P R e i S 2%, bl
EATEDJE WAy, @ e re AR A W )

R,
3 4 8

BEX HLIR AR B S A AL IR TR ) 4% 4 J8 3D 45 M 4T
E AR R L . AU 4T Bl 55 S AU U 11
W R, ST B R 2R S HE (T G AR AT T AU
BT, HRERER, HEHN100~500 VAT,
1E HL 34 FL37 (A FH R AT it e i 28 Bk it
WP R FUHL RN AR Bl J e i iR sz ma B . IR
PACuSOLEIRAE T UM L AT 5258, R 9T 74T EN

il

AAERITE R TENEE . RS ATEE XU
P BRI . BEE S TERE. S
FE BN, DURRERZR ) AR A WG, T B R
XU R ELAR M AN K, (TR LR AR
PERZEK o I BAT RAEEEAT AN 7] Jo 393 £ Tl 45
FATER, FFRHBATIE R, 2R R, TE
RIS A B AR G fIE e e, SRIE RIS T4
M3 T AR S I

SE R

[1] Braun T M, Schwartz D T.The emerging role of electrode-
position in additive manufacturing[J]. Electrochemical So-
ciety Interface, 2016, 25(1): 69-73.

[2] Hernandez P, Campos D, Socorro P, et al. Electroforming
applied to manufacturingof microcomponents[J]. Procedia
Engineering, 2015,132: 655-662.

[3] Kamaraj A, Lewis S, Sundaram M. Numerical studyof
localized electrochemical deposition for micro electrochemical
additive manufacturing[J]. Procedia CIRP, 2016, 42: 788-
792.

[4] 2T, P&, EH, 5. SJRBOCRM HiG AR AUE
3. Mg HAR, 2017(13): 16-25.

[5] Ning D, Zhang A, Murtaza M, et al.Effect of surfactants on
the electrodeposition of Cu-TiO2 composite coatings
prepared by jet electrodeposition[J]. Journal of Alloys and
Compounds, 2019, 777(10): 1245-1250.

[6] He G, Lu S, Xu W, et al. Stable superhydrophobic Zn/ZnO
surfaces fabricated via electrodeposition on tin substrate for
self-cleaning behavior and switchable wettability[J]. Jour-
nal of Alloys and Compounds, 2018, 747(30):772-782.

[7]1 Qiao G, Jing T, Wang N, Gao Y, et al. High-speed jet
electrodeposition and microstructure of nanocrystalline Ni-
Co alloys[J]. Electrochimica Acta, 2005, 51(1): 85-92.

[8] Jiang W, Shen L, Qiu M, et al. Microhardness, wear, and
corrosion resistance of Ni-SiC composite coating with
magnetic-field-assisted jet electrodeposition[J]. Materials
Research Express, 2018, 5: 096407.

[9] CuiW, Wang K, XiaF, et al.Simulation and characterization
of Ni-doped SiCnanocoatings prepared by jet electrodepo-

sition[J]. Ceramics International 2018, 44(5): 5500-5505.
[10] Park J U, Hardy M, Kang S, et al. High-resolution elec-

trohydrodynamic jet printing[J]. Nature Materials. 2007(6):
782-789.



2025 % 11 A

BESEI

HAT R 1M GRS 392 1) <37

[11] Li A, Luo Q, Park SJ, et al. Synthesis and catalytic reactions
of nanoparticles formed by electrospray ionization of coi-
nage metals[J]. Angewandte Chemie-International Edition.
2014, 53(12): 3147-3150.

[12] Reiser A, Lukas K, Kathleen A, et al. Metals by micro-scale
additive manufacturing: Comparison of microstructure and
mechanical properties[J]. Advanced Functional Materials,
2020, 30(28): 1-20.

[13] Reiser A, Lindén M, Rohner P, et al. Multi-metal
electrohydrodynamic redox 3D printing at the submicron
scale[J]. Nature Communication, 2019(10):1853.

[14] Nikolaus P, Mirco N, Maxence M, et al. Micron-scale
additive manufacturing of binary and ternary alloys by
electrohydrodynamic redox 3D printing[J]. Materials &
Design, 2023, 234:112364.

[15] Nydegger M, Pruska A, Galinski H, et al. Additive
manufacturing of Zn with submicron resolution and its

conversion into Zn/ZnO core-shell structures[J]. Nanoscale,

2022,14(46): 17418-17427.

[16] A, FHiF5, S, & —FhIET AL g B
(I F A S A ] S e B S Dk R, 113737235 A[P].
2021-12-03.

[17] Hirt L, Reiser A, Spolenak R, et al. Additive manufacturing
of metal structures at the micrometer scale[J]. Advanced
Materials. 2017, 29(17): 1604211.

[18] Mishra P, Shruti S, Mayank P, et al. Additive manufacturing
(3D Printing): A review on the micro fabrication methods[J].
International Journal for Research in Applied Science &
Engineering Technology. 2020(8): 956-975.

[19] Yazdi A A, Popma A, Wong W, et al. 3D printing: an
emerging tool for novel microfluidics and lab-on-a-chip
applications[J]. Microfluid Nanofluid, 2016, 20(3): 1-18.

[20] Jae-Hwang L, Jonathan P S, Edwin L T, et al.Micro-
nanostructured mechanical metamaterials[J]. Advanced

Materials, 2012, 24(36): 4782-4810.

sk 3 3k 3k ok ok ok ok sk sk ok sk sk sk sk sk sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeoskoskoskskosk ok

* A9

[16] B/N3C. BR G B =R - AL 2 F AU % T2 501
FE[D]. B E: B EATARE, 2021

[17] Jebaraj V A, Aditya K, Kumar S T, et al. Mechanical and
corrosion behaviour of aluminum alloy 5083 and its
weldment for marine applications[J]. Materials Today:
Proceedings, 2020, 22(4): 1470-1478.

[18] #Bt, ¥, #7145, &. BESMEENME SR Z AR5
JE& ol RUPEE JT AW AT[)]. B M AR, 2021, 18(4):
70-76.

[19] #HERg, T, M. S8 TXHA LS bR hi 4
HERRZ I [I]. P EE S B AR, 1989(4): 261-270.

[20] jE sy, BEpls. ACUWRPBHBTEOAR MR S N HI]. JE ik
5B, 2004(2): 57-60.

[21] #EmEH], TLEM. CRMEHTE RIS LS HI]. L

ViR 222 HIRRHERR), 2001(4): 53-61.

[22] M ilRifE, 4ReTe, BOATSE. BRAHRAI-pH B4R I il 2%
BB ], ARAEKZ4R, 2000(4): 401-403.

[23] BEAHE, XA, AR AR AL R R Ak il 2 (D— FE AR P A
B[], FEPE 5K, 2008(6): 28-30.

[24] B A0, XML AR AR AL FRR A it 26 (LD— A% A4 i
ZR[J]. FEPE SR, 2008(7): 29-34.

[25] B, 265, St . R M g Sk AT LA
FRERFE SR [T]. SRR HAR 53, 2020(2): 50-
53.

[26] ARuRYT, S, PR BE N EE AR K R [T]. SER R
2 ERR, 2019, 17(5): 85-93.

[27] & KA. RS RIS T HR M. M AR
TR AR AL, 2009: 13-20.



