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Spraying Process of Al-based Amorphous and Nanocrystalline Composite Coatings
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Abstract: To investigate the effect of spray parameters on coating properties, the Al-based amorphous and nanocrystal-
line composite coatings were prepared by high velocity arc spraying technique under different spraying processes. The
effects of spray parameters, such as spray current, voltage, distance, gun movement speed and air pressure on the coat-
ing characterizations were investigated. The orthogonal experiment results show that the optimum spraying process pa-
rameters are sprayed by a current of 160 A, spray voltage of 36 V, pray distance of 200 mm, gun transverse speed of 300
mm/s, and air pressure of 0. 7 MPa. The primary and secondary orders of spray parameters on coating performance is air
pressure, spray Voltage, gun transverse speed, spray current, and pray distance. The microstructures of the coatings
were analyzed by the scanning electron microscope (SEM). energy dispersive spetrometer (EDS), X -ray diffraction
(XRD) and transmission electron microscope (TEM). The microhardness and porosity of the coating were tested. The
results show that the composite coatings under the spraying parameters have a compact structure with a low porosity of a-
bout 1. 13%, and the microhardness value of 392 HV, ;. The volumn fraction of amorphous phase is 24. 2%.
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Table 1 Factors and levels of the orthogonal test
Spray parameters 1 2 3 4
Spray current/A 100 120 140 160
Spray voltage/V 30 32 34 36
Spray distance/mm 150 180 200 230

Gun movement speed/
200 300 400 500
(mm -+ s™)

Air pressure/MPa 0.4 0.5 0.6 0.7
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Table 2 Results of the orthogonal test

A B C

D E

Spray current/ Spray voltage/ Spray distance/

Gun movement

Air pressure/

No. speed/
A A% mm MPa
(mm e+ s ')
K1 2.392 2.785 2.570 2.598 2.893
The significance of influence
K2 2.630 2.775 2.165 1.757 2.897 .
factors of porosity:
K3 2.315 2.263 2.053 2.035 1.995 E>B>D>A>C
K4 1. 940 1. 455 2. 490 2.888 1.493 The best combination:
A, B, C; D, E,
R 0. 690 1. 330 0.517 1.131 1. 404
K1 299. 25 291. 50 313.75 300. 50 287.75
The significance of influence
K2 300. 00 304. 25 322.50 340. 25 293. 50 .
factors of microhardness:
K3 345. 00 324.00 319.75 319. 00 331.75 E>B>A>D>C
K4 315. 50 340. 00 303. 75 300. 00 346.75 The best combination:
A; B, C, D, E,;
R 45.75 48. 50 18. 75 40. 25 59.00
K1 18. 585 8.560 18.193 14.568 5. 440
The significance of influence
K2 13.770 11.703 28.710 41. 350 6.657 factors of integration capability:
K3 30. 735 27.008 30. 440 30. 635 34.407 E>B>D>A>C
K4 31.825 47. 645 17. 572 8. 362 48. 410 The best combination.
A, B, C; D, E,
R 18. 055 39. 085 12. 868 32.988 42.970
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Fig. 1 Effect of the different factors and levels on the porosity and microhardness of the coating
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Fig. 2 Effect of the different factors and levels on the

combination properties of the coatings
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Table 3 EDS analysis result of micro zones in the Al-Ni—

Mm-Co coating Ca/ %)
Area Al Ni Mm Co O
A 55.80 31.20 4.73 4.25 4.02
B 81.71 14.19 2.81 1. 28
C 90.70  2.60 0.56 0. 30 5.83
D 20.17 8.57 9. 64 0.73 60.89
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o

Relative intensity / (a.u.)

26/(°)
[ 4  Al-Ni-Mm-Co i 2 # XRD Kl i
Fig. 4 XRD patterns of the Al-Ni—Mm-Co coating
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