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Abstract: Cold-sprayed Zn-Al composite coatings can provide good corrosion resistance for magnesium
alloys. This experiment employs AZ31B magnesium alloy as the substrate for the deposition of a Zn-Al
composite coating. To further improve the performance of cold-sprayed Zn-Al composite coatings, the
coatings are subjected to annealing treatment at 200, 250 °C, and 300 “C. The microstructure morphology
and properties of the cold-sprayed Zn-Al composite coatings before and after heat treatment are analyzed by
X-ray diffractometer (XRD) , scanning electron microscope (SEM), microhardness tester, electrochemical
workstation, and salt spray corrosion test equipment. The results show that after annealing treatment at
different temperatures, the coatings do not undergo oxidation or phase transformation, and the
microstructure of the coatings becomes denser and the corrosion resistance improves after annealing
treatment. With the increase of annealing temperature, the coatings show the phenomenon of annealing
hardening. When the annealing temperature is 250 °‘C, the composite coatings are the densest, and the
porosity is 0.3998%. Electrochemical and salt spray tests show that the coatings after annealing treatment
form a dense corrosion layer, which improves the corrosion resistance of the coatings. When the annealing
temperature is 250 °C, the corrosion resistance of the coatings is the best.
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Fig.1 SEM images and particle size distributions of powders

(a)Al powder; (b)Zn powder; (¢)Zn-Al mixed powder; (d), (e)particle size distributions of Al and Zn powder
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Fig.2 Schematic diagram of experimental process
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Fig.4 SEM images of cross-section for Zn-Al coatings(1) and its enlarged images(2)
(a)as-received; (b)200 HT Zn-Al; (¢)250 HT Zn-Al;(d)300 HT Zn-Al
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Fig.5 EDS surface scanning results of Zn-Al coatings
(a)as-received; (b)200 HT Zn-Al; (¢)250 HT Zn-Al; (d)300 HT Zn-Al
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Table 3  Fitting data results of AC impedance spectra

Coating RJ/Q R,/Q CPE1-T/(S-s") CPE1-P R,/Q CPE2-T/(S - §") CPE2-P
As-received 35.21 114.2 0.00106 0.75902 388.4 0.02629 0.67198
200 HT Zn-Al 33.16 116.5 0.00123 0.80205 198.8 0.05326 0.81171
250 HT Zn-Al 30.19 165.9 0.00110 0.76917 1.127X10% 0.01158 0.42866
300 HT Zn-Al 35.39 76.49 0.00177 0.90579 1.927x10° 0.02220 0.27829
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Fig.12 SEM images of Zn-Al coatings corroded for 168 h
(a)as-received; (b)200 HT Zn-Al;(c)250 HT Zn-Al;(d)300 HT Zn-Al
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Fig.13  XRD patterns of corrosion products for Zn-Al coatings

after 168 h of corrosion
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Fig.14 SEM images of corrosion products for Zn-Al coatings after 168 h of corrosion
(a)as-received; (b)200 HT Zn-Al; (¢)250 HT Zn-Al; (d)300 HT Zn-Al
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Table 4 Compositions of corrosion products in selected

points in Fig.14

Point Mass fraction/ %
7n Al Cl O C

1 35.53 22.67 3.93 28.42 9.45
2 39.14 27.56 5.06 21.54 6.69
3 3.02 31.04 52.91 5.87
4 0.57 40.64 52.91 5.87
) 62.00 9.33 2.18 21.73 4.76
6 52.14 9.37 0.84 29.31 8.34
7 6.44 4.09 1.29 75.28 12.70
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Fig.15 Schematic diagram of corrosion process of Zn-Al coatings
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