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ABSTRACT: The work aims to study the corrosion behavior of environmentally friendly Zn-Al coatings on NdFeB magnets in
the salt spray environment. The morphology, phase and composition of Zn-Al coatings were analyzed by SEM, XRD, EDS,
Raman spectroscopy, Fourier transform infrared spectroscopy and other methods. The corrosion behavior of Zn-Al coatings in

the salt spray environment was studied with electrochemical curves. The corrosion time of the environmentally friendly Zn-Al
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coating prepared on the NdFeB magnet was not less than 1 000 hours. In the salt spray corrosion environment, the Zn-Al coating

was gradually covered with white rust and lost its metallic luster; 1 126 hours later, there were red rust spots on the Zn-Al coat-

ing which showed honeycomb microstructure and microcracks. The corrosion products consisted of Zns(OH)sCl,-H,O,

AlySiAl;,(OH)15(Al04)(Sis046)Cl, Fe,05 and a small amount of Zn and Al In early corrosion, the passivation film and silane

film on the Zn-Al coating played a protective role; as the corrosion developed, the film was destroyed, the flake metal powder

was exposed and activated, and the coating acted as a sacrificial anode protective effect; In later corrosion, the corrosive medium

penetrated the coating into the substrate through the micro-cracks. The protection and physical shielding of the coating's sacrifi-

cial anode were significantly weakened until failure. Environmentally friendly Zn-Al coatings can significantly improve the

NSS corrosion resistance of NdFeb magnets.

KEY WORDS: Zn-Al coating; NdFeB magnet; salt spray corrosion; corrosion mechanism; self-corrosion potential; electro-

chemical; physical shielding
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Fig.2 Surface micro-morphology of Zn-Al coatings corroded by salt spray for different duration
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Tab.1 EDS results for different regions in fig.2 (mass fraction %)

Points Zn Al C (@) Cl
1 68.28 — 15.01 10.00 6.71 —
2 — 62.17 17.33 10.60 9.90 —
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Tab.2 EDS analysis of Zn-Al coatings corroded in neutral salt spray environment for different duration (mass fraction %)

Corrosion time/h Zn Al Si C (0] Mo Cl Fe
Zn-Al coating 40.58 19.05 6.71 14.64 14.69 4.33 — —
48 39.39 16.20 5.20 17.50 17.30 3.80 0.61 —

168 39.70 10.60 5.23 18.96 20.10 3.98 1.43 —

336 37.19 7.69 5.59 18.55 25.16 4.12 1.70 —

672 32.97 7.65 4.50 19.48 29.14 4.10 2.16 —

1126 28.54 5.87 2.75 21.24 34.86 2.20 3.52 1.02
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Fig.3 Cross-sectional micro-morphology of Zn-Al coatings corroded by salt spray for different duration
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Tab.3 Relative content of phases in Zn-Al coatings corroded by salt spray for different duration

%

Corrosion time/h Zn Al Zns(OH)gCl,-H,O Al2(OH) 5(A104)(Si5046)Cl
48 50.30 9.24 37.35 3.11
336 41.01 5.33 45.27 8.39
672 27.21 4.15 55.35 13.29
1126 15.43 3.78 63.49 17.30
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Fig.5 Raman spectroscopic analysis of Zn-Al coated samples
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F20% 4

IR, % : NdFeB RERFZ A LEAY Zn-Al TR)Z M LR ZE AT R

2.4 [BmdiEH Zn-Al R ERNRL &5

Kl 6 Mgk 4 43545 T 8558 ph A [6] i a) f5
Zn-Al RIZMHEAZEINAG R . HE 6 7L, Zn-Al
TRIZHY Tafel M2 50 RAELLIX, KB Zn-Al
WA REAATEEIRE, BALR W mrERE. hk 4
L, Zn-Al WRZTEERSE it B v, B PHARIE HE/R
BEE B AR, £ Zn-Al 112 EEE T Y H
FEMVE AR S . 7EERZ St B2, Zn-Al IR
JZ0) A JE AR AR, BRI JEih 48 h )5,
JE TR R A 1 N EUR S, N 9.76x10°° AJem®,
FKWHHFIE A TRAER, Zn-Al )22 1 09 i be ik
2. THLER BT 2R, BREEAE SRS I i i
AR Zn M3 A ALK & AR HLAR 22 B Ik, 7R VR 2 3R E A b
HE MY, USRI, BB B UL Zn-Al TR
JE AT FE AR ) FEL A 2 R 3 VR T R

.91 -
0
-0.5
=
g
g
£
-1.0 -
71.5 1 1 1 1 1 1 1 1
0 9 -8 -7 6 -5 -4 -3 -2
Current/(A-cm™)
K6 rhiEEh s SR il A F I ] Zn-Al 3R JZ
BRI Tafel A1k £k
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Tab.4 Fitting parameters for polarization curves

Corrosion time/h Jcorr/(A-cm’z)

Eoon(vs.SCE)/V

p/(mV-dec™) By/(mV-dec™)

0 1.07x107"
48 9.76x107°
168 431x107°
336 4.96x10°°
672 5.64x107°

1126 1.33x10°°

-1.02 264.54 246.78
-1.12 143.94 98.76
-1.10 143.73 76.13
-1.10 133.65 86.57
-0.82 152.4 200.70
-0.67 166.4 145.36
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Tab.5 Fitting parameters of equivalent circuit

Corrosion time ~ Rg/(Q-cm?)  C/(F-cm?)  R/AQ-cm?)  On/(S'em?s™) R /(Q-cm®)  0/(S-em2s™)  R/(Q-cm?)
Oh 437 5.01x107° 180 1.01x107 6855 3.86x107* 4.34x10°
48h 8.48 2.14x1078 200 3.13x1077 2096 1.39x107* 2.47x10°
168h 10.90 1.80x107 183 4.49x10°° 2223 2.68x107* 4.20%x10°
336h 10.67 1.26x107 219 2.62x1077 2003 2.98x107 3.69x10°
672h 20.25 3.26x107° 705 3.70x107° 7812 3.70x107° 2.21x10°
1126h 1.00 6.21x107° 74.5 5.63x107" 74.48 6.48%x107° 4.16x10°

74.48 Q-cm®, PLATIEZ AR Zn By A AL RIS FESR
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AlySiAl;,(OH) 5(A104)(Sis016)Cl. Fe,O3 /L) Zn .
Al %
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