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Electrodeposition of Copper on NdFeB in CuCIl-EMIC Ionic Liquid
ZHUANG Chen, LING Guo-ping
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ABSTRACT: The work aims to develop a new environment-friendly copper plating technology on the surface of NdFeB. The
CuCl-EMIC ionic liquid was used to pretreat the NdFeB matrix by anodic activation, and the copper layer was prepared on
NdFeB surface by electrodeposition. Cyclic voltammetry curves of the CuCl-EMIC ionic liquid and potentiodynamic
polarization curves of copper coating samples were measured by electrochemical workstation. The morphology, composition
and phase structure of the NdFeB matrix and copper coatings were investigated by scanning electron microscopy, energy
dispersive spectrometry and X-ray powder diffraction. The surface roughness of the NdFeB matrix and the bonding force of
copper coatings were detected by the roughness meter and the drawing tester. CuCl-EMIC could be melted at room temperature

when the molar ratio was 2:3~3:2, and crystalline copper layers could be obtained by electrodeposition from the CuCI-EMIC
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ionic liquid. The CuCl-EMIC ionic liquid with molar ratio of 1 had larger reduction peak current density. The NdFeB matrix was

activated by the anodic current density of 20~30 mA/cm?, the surface became smoother and the voids were less. Copper coatings

on NdFeB surface were more uniform and denser after activation, and the bonding force was more than 9.2 MPa. The porosity

of copper coatings on NdFeB surface decreased with the increase of the coating thickness. When the thickness was 6 pum, the

corrosion potential of the samples was similar to that of pure copper, and the porosity was 0.005 23%. By CuCI-EMIC ionic

liquid with molar ratio of 1, the NdFeB matrix with smoother surface, fewer holes and no oxide film can be obtained by anodic

activation, and the thin compact and uniform copper layer with good bonding can be electrodeposited on the surface of NdFeB.
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Tab.1 Chemical composition of NdFeB
wt%

Fe Nd B Dy Nb Al Cu

67.5 29.5 1.0 1.1 0.4 0.4 0.1
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Tab.2 Relationship between coating thickness
and electrodeposition time

Thickness/um 2 4 6 8 10 12

Time/s 268 536 804 1072 1340 1608

1.2 Sririlid

1) >k JH Princeton 2273 HLfb2= TAE I CuCl-
EMIC BT ma R 2 i, FEmEh-1.5~
1.5V, FAMGEE R 20 mV/s, FEgEf7E A BT,
R TAE R, B 22 X b, BA 22 S HE Al .
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Fig.1 Cyclic voltammograms of CuCl-EMIC ionic
liquids with different proportions
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Fig.2 XRD patterns of coating electrodeposited in
CuCl-EMIC ionic liquids with different proportions
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Fig.3 SEM micrographs of NdFeB surface by different pretreatments

H/NT 20 mA/em? B, EC il 2 v 368 o X 3 B
(R /N s TR IR KT 30 mA/em?
H/NFAETF 50 mA/em? B, HCmin =2 v J 3 X 38 A <
W=, BUREREAYURB AKX, B 3c ML
20~30 mA/cm® % AL )5 B KA B OMIE SR, SR
VA BRI EL, M RSP f R AR A 3% ok
PR St ] 8 /N FLIR S D AR /N . 3 3 ATAT, 2l B
WAE AL, R 2R E RS BE Uk /N T 0.27 pm, 3] g
2 R R LR A BRI Bt /NI 3 T 50 T =)
TV iR, R PR T R SRS X SR o R R Lt
TE A3 ) HRL R BEVE LN, B 7= 08 A B K
FIRE)Z, ad “VEAk-EEIR” ML, AR &
Yo, A8 ARt ik nr L, 7E
TRIERRVERT AL B SERE [, v DLE I PR IS fE T2,
L s 2 S | O o SN N I U /7R T T

®3 EWETEHGRMEEEEERE
Tab.3 Roughness of NdFeB before and after activation

NdFeB state R,/um R,/um Ry/um
Before activation 0.84 5.64 6.76
After activation 0.57 4.42 5.18
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Fig.4 SEM micrographs of copper coating on NdFeB surface
by different pretreatments (10 mA/cm?, 804 s)
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Tab.4 EDS analysis of copper plating surface

at%
Element A B C
(0] 54.48 5.43 2.53
Cu 5.47 93.86 97.02
Fe 33.81 0.71 0.45
Nd 6.24 — —

®56 ER-EGHESNMKER

Tab.5 Result of coating-matrix binding force

NdFeB state  Status after pull-out test Binding force/MPa

Coating-NdFeB

. 3.5
separation

No activation

Activation  Coating-glue separation >9.2
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Fig.5 SEM micrograph of sample section with
theoretical thickness of 12 pm
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Fig.6 Polarization curves of NdFeB, pure copper
and copper coating sample
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Fig.7 Corrosion potential, corrosion current and porosity of
copper coating samples with different thickness
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