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Abstract: To explore the effects of different surface treatment processes on the properties of rare earth
magnesium alloys, this study employs Mg-Nd-Zn-Zr rare earth magnesium alloy as the research subject and
conducts surface modification by using three processes: phosphate conversion treatment, direct
electrophoresis treatment, and phosphate-electrophoresis composite treatment. The surface morphology,
coating uniformity, coating adhesion and corrosion resistance of the treated samples are systematically
evaluated by scanning electron microscopy (SEM), eddy current thickness gauge , pull-out adhesion tester,
electrochemical techniques and salt spray test, respectively. The results show that the phosphate conversion
treatment forms a thin coating with microscopic cracks on the surface; the coating formed by direct
electrophoresis treatment has pores between the coating and the substrate; while the phosphate-
electrophoresis composite coatings are closely combined with the substrate without obvious cracks or pores.
The adhesion force between the phosphate-electrophoresis composite coatings and the substrate is the
highest, mainly because the phosphate conversion treatment not only increases the surface roughness of the
substrate, but also the microcracks on the surface are conducive to the penetration of the electrophoretic
coating into the interior. The results of electrochemical and salt spray tests show that the corrosion current
density of the phosphate-electrophoresis composite coatings is the lowest, the capacitive arc radius is the
largest, and the surface morphology has no obvious change after 144 h of salt spray test, demonstrating
excellent corrosion resistance and durability.
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Fig.1 Surface morphologies of coating samples and corresponding element surface distributions

(a)phosphate conversion; (b)direct electrophoresis
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Fig.2 Morphologies of coating cross-section and corresponding element surface distributions

(a)phosphate conversion; (b)direct electrophoresis ; (¢)phosphate-electrophoresis
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Table 1 Thickness of coatings with different surface treatments

Thickness/pm
Test point Phosphate Direct Phosphate-
conversion electrophoresis  electrophoresis
1 8.7 31.1 32.5
2 8.3 29.9 31.2
3 8.1 30.7 27.9
4 8.9 29.2 29.9
5 10.9 30.0 28.2
6 10.2 32.7 30.5
7 9.1 31.5 30.9
8 9.7 30.1 28.7
9 9.5 29.9 29.2
10 8.1 30.8 28.1
Mean value 9.120.9 30.6+1.1 29.7+1.5
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Table 2 Adhesion force of coatings with different

surface treatments

Adhesion force/MPa
Sample Phosphate Direct Phosphate-
conversion electrophoresis  electrophoresis
1 2.64 2.14 5.96
2 2.96 2.57 5.42
3 2.75 2.42 5.75
Mean value 2.78£0.16 2.37£0.21 5.71+£0.27
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Fig.3 Cross-sectional morphology of phosphate-electrophoresis composite coatings(a) and EDS analysis results(b)
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Fig.5 Polarization curves of samples with different surface treatments
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Table 3  Fitting results of polarization curves

Surface treatment E.onwsce/V i/ (Arcm™?)
Matrix —1.56 2.4X10°6
Phosphate conversion —1.54 9.2x10°7
Direct electrophoresis —1.48 5.6x1071
Phosphate-electrophoresis —1.43 1.5X107 1
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Fig.6 EIS of different surface treatments samples in 3.5%NaCl solution

(a)Nyquist diagram; (b) Bode diagram

R YR S R AN [ 2% 1 Ak 3y SRR 2 Y A T
hy, R AN EL 7 73S 00 45 4 Ha, 0T 1] 6 e BHL AT B HE
PTG A SRR AR . B 7 ROV
BHL, R A iR £5 mld i VK B2 = AR R L RHL, R Ay JEE 5 R 3
T AL Py P A 5 L REL , Ry O JRy S ik R ) L BEL, L oAy
VIS 53 2 T A 224 LA K P I ) Jeg i T i 78R 5 %5 1 3]
JZ F AR AR A H U B AR S SRR IR BN ) L BT A7 4558
H, % TP B F 2SR FH A 26/ (constant phase angle
element, CPE){UEF, Horf Q1 Qu o B CRIRIZ /A B
TET P P, 2 ARV 15 4 B /A S T A X JR H 27

i I SR B AU A S B0 R RO QUE TR IE)Z
Koz @ APRH il P RE R T EE S8, — Ok U, A H

FH R, (R,=R+R)EM K, F W] fa 738 13 WAL 2 5 B
e PRI, B bt ek e i 2 AR 4 B 2 SR mT AT
TR ER - K A L UK TR R S AR () Ak F B
AR 9.54 X 107,5.4X107,2.1X10° . 5.4 X 10> Q- cm?,
RIBE IR SR - F vk A H 5 ) B2 T bk, 8 F LR Tk S
BERR R R, BL 5 ol (7 B fb il e 5 SR A — B, it
A, B2 2 Q—E FEFE b AT LS 52 A FL B R
2B AL R B ST HUE Ol — ORI,
QiR , R W2 R i 22 | BV A VR BR 75 5 12 125 3]
JIE 2 e 22 TR AR - L UK L B LK S TR R R 1
QAT HIALTF 107°.10 5,10 "Bt g% , BB R £h -l Pk &2
G IR R R i B AR R M RE



o4 T Mg-Nd-Zn-Zr i + 864 4 2 A 2 4 b fe 269

(a) Q, (b)

| |
||
R, R,
1 1
| I | 1
L R

© Q, Q, Q,

| | | | | |

1 | 1 1

RS
Rf1 Rf2 Rt

P72 B A A A5 A0 FL B SR
() FEK; (D) BERREE ; (o) B LUK SRR ER - LUK
Fig.7 Equivalent circuit models of EIS fitting

(a)matrix; (b)phosphate conversion; (c)direct electrophoresis and phosphate-electrophoresis
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Table 4  Fitting results of equivalent circuit

R/ Qu/ Ry/ Qp/ R,/ Qu/ R/ R/ L/
(Q-em?)  (Frem™®)  (Qrem?) (F+cm™?) (Q+em?) (F-cm™?) (Q:em?)  (Q+em?)  (Hecm %)
Matrix 8.42 1.47x10°° 543.20 105.0 2525
Phosphate conversion 26.32 2.43X107° 1345 2.12X107*  762.11
Direct electrophoresis 31.34 4.01X1071  4.19X107 6.01X107%  1.21X10" 6.54x107*  1.88x10*
Phosphate-electrophoresis 18.23 2.94X1071  3.88X107 5.18X1077  2.45X107  1.14X107°  3.21X107
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Fig.8 Surface morphologies of coatings with different surface treatments before and after salt spray test
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