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Influence of Rare Earth Yttrium on the Structure and Corrosion
Resistance of Hot-dip Aluminum Coating

LIUYi, LI Guo-xi, ZHENG Yi-ran

(School of Materials Science and Engineering, Northeastern University, Shenyang 110000, China)

ABSTRACT: The work aims to study the influence of rare earth Y on the hot-dip aluminum coating and improve its corrosion
resistance. By adding different contents of aluminum-yttrium alloy to the hot-dip aluminum coating solution, hot-dip
aluminum-coated parts containing different rare earth yttrium content were obtained. In the experiment, the corrosion solution
was 3.5% NacCl solution. SEM and EDS were used to observe morphology and composition and electrochemical tests and full
immersion tests were used to study the effect of rare earth Y on corrosion resistance of coatings. When the content of Y was
0.2%, the surface of the hot-dip aluminized layer was smooth without holes, the needle-like phase was fine, the aluminized layer
was thinner, and the shape of transition layer changed from the sawtooth to the continuous band. The rare earth Y made the

corrosion potential shift positively and decreased the self-corrosion current, which the most positive self-corrosion potential was
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—0.7857 V and the minimum self-corrosion current was 1.3505x107° A/cm?. Compared with other rare earth elements, the

breakthrough potential £}, of the coating, when 0.2% Y was added was, the most positive potential is —0.6957 V. The impedance

spectroscopies of hot-dip aluminized parts with different rare earth contents were all single capacitive reactance arcs. The radius

of the capacitive reactance arc was the largest when the rare earth content was 0.2% Y and the corrosion rate of coated parts was

the lowest when 0.2% Y was added in the full immersion test The addition of rare earth yttrium can make the surface of the

hot-dip aluminum coating smooth and continuous, and the corrosion resistance can be improved. Furthermore, the corrosion

resistance of aluminum-coated parts is the best when the addition amount is 0.2% Y.

KEY WORDS: hot-dip aluminum; coating microstructure; corrosion resistance; rare earth yttrium; electrochemical test; full

immersion test
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Fig.2 EDS spectrums of hot—dipped aluminum coating with 0.2%Y
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Fig.3 Cross-sectional morphologies of hot-dipped aluminum coating with varying added amount of rate earth Y

120

1mi\\ﬂ\\\$___k\\ﬂ

g — e

g
3
5 60 —=— Al coating
—e— Transition layer
40 —a— (Clad layer
20 L—\-\<_\‘—<
0 1 1 1 1
0 0.1 0.2 0.3 0.4

Y/%
K4 NTRAG Y @sn e i sl A i B )2 J5E 1 A2 Al th 2

Fig.4 Variation curves of cross section coating thickness of
samples with different rare earth Y contents
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Fig.5 Potentiodynamic polarization curves of samples with
varying added amount of Y

x1 AEY EMNAEERNBMABRUBESHE
Tab.1 The parameter values obtained from potentiodynamic
polarization curves of sample coatings with varying added
amount of Y

Sample  Eoon/V  Jeou/(x10%A-ecm™) BV BJV
Al -0.9325 19.179 0.03553  0.2952
0.1%Y —0.8165 2.1074 0.048 97 0.1612
0.2%Y —0.7857 1.3505 0.077 84 0.3237
0.3%Y —-0.8613 10.942 0.043 96 0.1208
0.4%Y —0.8020 83.938 0.05327 1.646
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Fig.6 Impedance spectroscopy of hot-dipped aluminum
coating with optimum contents of rare earth elements added
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Tab.2 The parameter values obtained from EIS of hot-
dipped aluminum coating with optimum contents of rare
earth elements added

Sample  Ry(Q-cm?) Rp/(Q-cmz) Cp/(uF'cm’z) n
Al 20.13 750 7.52 0.97
Al+0.2%Y 19.89 3550 9.03 0.96
Al+0.3%Ce 21.01 2250 3.21 0.97
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Fig.8 Cyclic polarization curves of hot—dipped aluminum
coating with optimum contents of rare earth elements added
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Tab.3 The parameter values obtained from cyclic polarization

curves of hot-dipped aluminum coating with optimum
contents of rare earth elements added

\Y%
Sample Ey E, AE
Al —0.8983 —0.9438 0.045 48
0.3%Ce —0.8039 —0.8422 0.038 29
0.2%Y —0.6957 —0.8369 0.1412
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Tab.4 Full immersion test data of different optimal rare
earth contents

Before the  After the  Average corrosion
Sample . . 0
corrosion/g  corrosion/g  rate/(g'm ~a’)
32.334 32.330
31.572 31.570
Al 33.458
32.160 32.158
32.467 32.464
31.576 31.573
31.678 31.676
Al+0.3%Ce 24.333
31.274 31.272
31.389 31.388
32.925 32.924
Al+0.2%Y 32572 32.571 15.208
32.789 32.787
32.457 32.456
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