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Effects of Copper Sulfate Concentration and Current Density on Free
MicrobeadsAssisted Grinding Electroformed Copper

WANG Zhao-xin, REN Jian-hua, YAO Chuan-hui, YIN Guan-hua

(School of Mechanical Engineering, Shandong University of Technology, Shandong Zibo 255000, China)

ABSTRACT: The work aims to study the effects of copper sulfate concentration and current density on the surface morphology,
microhardness and current efficiency of free microbeads assisted grinding electroformed copper deposition. The current density
was increased from 1 A/dm? to 4 A/dm’ for single factor electroformed copper test under the conditions of copper sulfate
concentration of 40 g/L, 80 g/L and 120 g/L with a vertical cathode rotary electroforming equipment, including cathode
movement and conductive part, anode hanger, free bead assisted grinding electroforming unit, electrodeposition unit, electroforming
liquid circulation and temperature control system. The free bead assisted grinding electroforming unit was a circular cathode basket that
limited the beads within a certain range. The inner side of the anode basket was close to the nylon yarn net to prevent the beads from
leaking out. A coulomb meter was used to measure and record the amount of charge flowing through the test circuit. A precision
electronic balance was used to measure the quality of the copper deposition layer. A scanning electron microscope was used to
observe the surface microscopic morphology of the copper deposition layer. A microhardness tester was used to measure the
microhardness of the copper deposited layer. A microhardness tester was used to measure the microhardness of the copper
deposition. And a roughness measuring instrument was used to measure the surface roughness of the deposited layer. When the
concentration of copper sulfate was 40 g/L and the current density increased from 1 A/dm’ to 4 A/dm?, the surface morphology
of the electrodeposition gradually became smooth and flat. The current efficiency increased first and then decreased with the
increase of current density. The current efficiency came up to the highest 95.4% at a current density of 2 A/dm? and decreased to
the lowest 92.7% at a current density of 4 A/dm’. When the current density increased from 1 A/dm’ to 3 A/dm? the
microhardness increased from 120.3HV to 139.8HV. The lowest surface roughness was Ra 0.19 pm at a current density of
4 A/dm®. When the concentration of copper sulfate was 80 g/L, and the current density increased to 4 A/dn’, the surface
roughness of the electroformed layer was Ra 0.62 um, the current efficiency and microhardness were the highest. The current
efficiency increased from 94.1% to 97.2%, and the microhardness increased from 119.4HV to 146.3HV with the current density
increasing from 1 A/dm?® to 4 A/dm®. When the concentration of copper sulfate was 120 g/L, the burrs on the surface of the
electroformed layer became smaller and the number of burrs decreased gradually. The current efficiency increased from 93.9%
to 97.6%, and the microhardness increased from 117.3HV to 136.4HV with current density increasing from 1 A/dm? to 4 A/dm?.
When the current density was 4 A/dm? the burrs were the least and smaller, and the current efficiency and microhardness
increased to the highest. The surface morphology and microhardness of the electroformed layer could be improved by increasing
current density or decreasing the concentration of copper sulfate under certain conditions. The grinding of free microbeads can
not only improve the surface morphology of the electroformed copper layer, but also improve the grain structure and
microhardness of the electroformed copper layer. However, the movement of the microbeads will grind away trace amounts of
copper from the surface of electroformed copper layer and reduces the current efficiency of copper electroforming.

KEY WORDS: acid electroformed copper; auxiliary grinding; mass concentration of copper sulfate; current density; current

efficiency; surface topography; microhardness

2023 41 A

P DR FE A e ) SR S AR A
M, BTz R AR R AL L i
MUK ARG . BTk BERRE SF 2 A Tl
RS B N T — R T LA 2 B AR L DT
BRI, <5 J D11 B A0 3 T M e T 25 P 1) il i T
&, HARG BN, REREAS o 5 i B AR R Y

R, A% 58 i H il it T 2 A e 6 10 L A 2
BN elE e T DB EE R L DIBUZ B APk K Sk
i e 2 A O FEREE I TR, SR R
SAEBINR T A%, dkse A K R ahkn, fa i
1117 b A AR A o A2 B8 L B i T R REAS 2 R RLR
HAR S B HRR AR, HRR A R SE AR )P R



w52k 1M

EIRHT, S BRI A v D FL IR TR KA P i TR I S e B 114 - 403 -

£ SPGB L AT ELATAR S 2 RS AR s U R
e H B A T T A g e e R A 2 ) R R H
AT S B s AABERE . MU RET
R S AR AT AT R ke e
SFI7 3, RO B PR =2 8] #3714 14 23 s 20 B A
R AR, TR A /N 20 B ok, 4 i AR
JERY R A S P RE . BRI, X TR
FIEAT RS R BT S8 , A HLES IR RS 4R = LR
JER R WA AR, HA AR LR Ik E
100%!""! . Monzon 252U H 3 H I AR in 55 il 44 1y
T Ni-Cu I, BLERMDEH, HA B M
F7 AR F IR BE AR T Tl A ) el AR SR
AR BT AR RO, T LA IR oA U R A AR
Gyl o i TSI B EC T AR S A%, R ) G 4
BT LA PR L R AR X 2 A 45 T T
PEREAEARIE M S8k, — R h iR |
HOUR A RESIRABVIRZ b, XVURZ R 122 P fE
7 AR08 AT AR AR TN A O B OROR TR T RPN
BN 0, Tk o i YRR AT B BRI T, 3R T
20N AL HL 2R T 30 R RO O o SRR i e
R R RE A8 A5 3 R A A DURUZ , (B ok e it
A AR B B LR ) A A

e 728 DRl A B S P P AR Rl 1) B L PR 22 ]
1425 B S A B Bk (R RSBk ) X B AR ORR )= 3R 1k
PEATIZ S, MR i F B R LA B RE RS
RUGEEOR o i B RO DURRZ R A Sl B ), 233
IIURRRSEBR R A%, PRI AT 50 L TR AR B AR 1
ST B VAR AR JE U I ) R AR AR AR R
WHE (20 g/L) FLBGWT, TEad AL BE IR B DUE P gt
R ARAT T8 AL REE , L 86 )2 T A ok RS
KB T ARG, 38 T REIEHELS . 1Ak RE R
AR

S BIF 5 T R A 2 R L WA TR 114 72 A o i ik
i B PR P B P R ASCR IR, AR PSR
b WO R AR TURRZ o ARSCHE T AR 2 Fhit
FEIT 18, TEAN R BB R 517 % B2 4% 1 T 9F 5 P O 8 )
AR X U P A 8 P B B 4 S

1 {5

1.1 BHERSRIRESH

o8 A T ) P R A T R B, VS VR R AR
R KA GRER R . WRBRER (2l 98% ) M LB+
Ko 43 B ) Bt PR A o s Wk B2 A 40, 80, 120 g/L 4%
3 AN ) e B ) L VR R A TR0, P A 1 S U
£ 1o FAMOEHCR I AR K 48 mm, Kk 80 mm [#)
ANEEAR G, [ M A B PR X, P AR R
Fast ., FHAC A 100 mm, $E 50 mm, /& 10 mm Y4k
M. HEFAAS N S L BRAME N L BEHE, BHACHER

MBS 4 BIRE N PVC AR, N4 100 mm,
AMEH 110 mm, & 155 mm,

®1 BHEARBRSH

Tab.1 Experimental parameters of electroformed copper

Experimental condition

CuSO04-5H,0

Experimental parameter

40, 80, 120 g/L

Concentrated H,SO,4 60 g/L

Current densirty 1,2, 3,4 A/dm?
Solution temperature 30x1) C
Cathode rotation speed 10 r/min

Rotor stirring speed 1 200 r/min
Bead diameter 0.8~1.2 mm
Bead bulk density 3.60 g/em’
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Fig.1 Schematic diagram of experimental device
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Fig.2 SEM morphology of electroformed copper surface when the concentration of copper sulfate is 40 g/L
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Fig.3 SEM morphology of electroformed copper surface when the concentration of copper sulfate is 80 g/L
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Fig.4 SEM morphology of electroformed copper surface when the concentration of copper sulfate is 120 g/L
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Fig.6 Microhardness of deposition layer under different experimental conditions
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