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Table 1 Bath composition and process conditions

Component Content Parameter Value

FeSO, 7H,0/g L. 5~15 pH 2~6

ZnCly/g L7 60~80 JJA dm? 1~5

KCl/g L 210 T/C 30
HsBOa/g L. 28
CsH1:NaO7/g L7 8
C40sHsKna/g L 10
Ascorbic acid/g 1. 1
Additive/mL 1! 20
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Fig.1 Effect of Fe content in the coating on the time to first

sign of white rust in NSS
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Fig.2 Effect of process parameters on the Fe content in coating:
(a) FeSO4 content, (b) ZnCl, content, (c) current density,
and (d) bath pH
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Table 2  Effect of current density on the anodic current
efficiency

Current density/A -dm 1 2 3 4 5 6

Anodic current efficiency/% 975 98 97 965 95 88
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Fig.3 SEM images of NdFeB substrate (a), Zn-Fe coating (b, c),

and passivated Zn-Fe coating (d)
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Fig.4 Polarization curves of different specimens in
3.5% NacCl solution
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Table 3 Electrochemical parameters calculated from the
polarization curves

Specimen Ecor/MV vs SCE  icon/ A ¢m™
Passivated Zn-Fe coating -936 1.4%x10°
Zn-Fe coating -1032 4.1x10°
NdFeB substrate —695 6.6X<10°
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Fig.6 Electrochemical equivalent circuits used for fitting the EIS

data: (a) Zn-Fe coating and (b) passivated Zn-Fe coating
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Table 4 Electrochemical parameters fitted from EIS measurement

Ry/Q-cm?

Ra/Q-cm? CalF ¢m™

Specimen Q/Qem?s™ Qu/Q*t ecm?s™ n
Passivated Zn-Fe coating 1.5x10* 2.7X10° 2.2X10* 4.7%X10° 0.8
Zn-Fe coating 1.5x10* 1.2x10° 0.9



. Wt SRR 5 TR

44 3%

NdFeB substrate

1867 3.6X10* 0.7

3 &£ g

1) R FH 55 R 1 10 0 45 VA B R 2 4k b mT A
Hil & T E 0.77%~1.32% M8k & &2, Hifb/E1E
3.5%M) NaCl ¥ ¥+ i 8BRS (A1 78 120 h LA k. flifk
B T2 HE 3R E 0.92% Mk &&=,
G H A5 (RS 2] 196 h.

2) BEERA SR 2 0 B A T 2 BH AR CR A
TER, HEE4GMEU%, A8 AN T kil 2 4 0 [#
HHklE, RIS ORS8O0 B IR 1 T R 47 1 5
fite BEAG S MO9E =R IERE D, BAME K BEE, A
T K e 52 b 8 v 1 4% 2 R i ik P R

ZE 3k
[1] Wu Xizhe(#A5 ), Shi Yongjin(fi7k 4x). Rare Metal Materials
and Engineering (Fi 5 4z J& £k 5 L) [J], 1991, 20(4): 70
[2] Zheng Jingwu(#5#E5 ), Du Zhouyun(#SJE =), Jiang Meiyan
(¥ HF3HE) et al. Rare Metal Materials and Engineering (#i 6 4
JE AR5 TRE)[J], 2008, 37(8): 1369

[3] Jiang Ligiang(3%/15%), Zheng Jingwu(¥$ ¥ ). Rare Metal
Materials and Engineering(#i & 4 J& # ¥l 5 1T #£)[J], 2006,
35(3): 340

[4] Song Zhenlun(ZR#%4). Journal of Magnetic Materials and
Devices(fif 41 KL & 28 #F)[J], 2012, 43(4): 1

[5] Yang Hengxiu(#1E1&), Mao Shoudong(E 57 #:), Song Zhen-
lun(R¥R4). Rare Metal Materials and Engineering (¥ 4

References

JE# RS TRE)[J], 2011, 40(12): 2241

[6] Liu Xiaoya(X||i%1F), Li Yuping(ZE-F), Hu Lianxi(#13& #).
Rare Metal Materials and Engineering(F¥i#f &gtk 5 1
F£)[J], 2012, 41(10): 1875

[7] Walton A, Speight J D, Williams A Z et al. J Alloy Compd[J],
2000, 306(1-2): 253

[8] Bajata J B, Miskovic-Stankovica V B, Kacarevic-Popovic Z.
Prog Org Coat[J], 2003, 47(1): 49

[9] Long Z L, Zhou Y C, Xiao L. Appl Surf Sci[J], 2003, 218(1-4):
123

[10] Shen Pinhua(iL &%), Tu Zhenmi(/&#z%). Electroplating
Zinc and Zinc Alloy( 9% 4% & 4% & 4)[M]. Beijing: China
Machine Press, 2001: 211

[11] An Maozhong(% /% &), Yang Zhelong(# % Jt), Zhang Jing-
shuang( 3k 5 %() et al. Journal of Chinese Society For
Corrosion and Protection (1 [ & it 5 B7 37 22 3 )[J], 1998,
18(1): 45

[12] Higashi K, Fukushima H, Urakawa T. J Electrochem Soc[J],
1981, 128(10): 2084

[13] Zhang X, Van Den Bos C, Sloof W G et al. Surf Coat Technol
[J], 2005, 199(1): 98

[14] Rosalbino F, Scavino G, Mortarino G et al. J Solid State
Electrochem[J], 2011, 15(4): 708

[15] Hirschorn B, Orazem M E, Tribollet B. Electrochim Acta[J],
2010, 55(21): 6220

Technology and Corrosion Resistance of Electrodeposited
Zn-Fe Alloys onto Nd-Fe-B Sintered Magnets

Li Ba'2, Wang Chengbiao®, Wang Xiangdong? Chen Xiaoping?, Peng Nan?
(1. China University of Geoscience, Beijing 100083, China)
(2. Central Iron & Steel Research Institute, Beijing 100081, China)

Abstract: High corrosion resistance Zn-Fe alloy coatings were electroplated onto NdFeB sintered magnet from a weak acid chloride

solution. The influences of the main electroplating technological parameters on Fe content in the coating were investigated to optimize the

process conditions. Meanwhile, the corrosion resistance and its mechanism were investigated by NSS, SEM and electrochemical tests. The

result shows that the optimized Zn-Fe alloy (Fe content 0.92%) coated NdFeB can stand for 196 h against neutral 3.5wt% NaCl salt spray

without any white rust. The function of the coating for NdFeB substrate is anodic protection. The coating with dense crystal can fill

intrinsic defects of NdFeB substrate and provide favorable conditions for getting compact passivation film. The better corrosion resistance

is attributed to the less surface defects and high electric resistance.

Key words: Nd-Fe-B; Zn-Fe alloy coating; passivation; corrosion resistance
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