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Abstract Using the substrate of mild steel with thickness of 2 mm, Fe-Si-B amorphous ribbon with thickness
of about 25 nm is cladded on substrate surface by pulse laser. The effects of pulse power P, pulse width W, pulse
frequency F, beam diameter ¥ of the pulse laser on the formation, the dilution rate, microstructure and
microhardness of the coatings are investigated. The results show that the coating with well formation, the lowest
dilution rate, lower pore density, and chemical bonding with substrate is obtained, when P=18.4 W, T=3.2 ms, F=
3.0 Hz, ¥=0.3 mm. With the increase of laser power, the crystallization in coating happens easily, and the contents
and categories of crystallization phase of a-Fe, Fe,B and Fe;Si are increased, moreover, the thickness of coating
increases while the microhardness of coating decreases. The highest microhardness in central coating is about
1400 HV , exceeding extensively that of mild steel with 100 HV.
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Fig.1 Appearance size sketch diagram of the coating cross-section
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Table 1 Processing parameters of laser cladding

No. 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
P/W 17.6 17.6 17.6 17.6 17.6 18.4 18.4 18.4 18.4 18.4 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 21.6 21.6 21.6 21.6 23.2 23.2 23.2
T/ms 30 32 34 36 38 30 32 34 36 38 27 30 32 32 32 32 32 34 36 27 30 32 34 25 27 30
F/Hz 30 30 30 30 30 30 30 3.0 30 30 30 30 10 30 30 30 60 3.0 3.0 3.0 3.0 30 30 30 30 30
f/mm03 03 03 03 03 03 03 03 03 03 03 03 03 02 03 04 03 03 03 03 03 03 03 03 03 03
EN 42 43 47 48 43 43 45 48 51 53 43 46 48 48 48 48 48 50 52 40 48 51 53 46 48 55
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Fig.2 Surface morphologies of laser cladding coating with different processing parameters. (a) P=17.6 W; (b) P=21.6 W;
(c) P=23.2 W; (d) T=2.7 ms; (e) T=3.0 ms; (f) T=3.6 ms; (g) F=6.0 Hz; (h) F=3.0 Hz; (i) F=1.0 Hz
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Table 2 Influences of pulse power and width on coating surface shaping

T /ms P=17.6 W P=18.4 W P=20.0 W P=21.6 W P=23.2W
2.5 — — — — ©)
2.7 —
3.0 —
3.2
3.4
3.6
3.8

<< <O
x < << 0 |
x < <0
x < <O

Note: V' is good shape, ‘ O ’is lack of fusion, *x’is burn-through, ‘— is not
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Fig.3 Surface morphology of laser cladding Fe-based amorphous coating
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Table 3 Sizes and dilutions of coating with different processing parameters

No. P /W T Ims f/mm EN H /mm h /mm D /%
3 17.6 3.4 0.3 4.7 295 — —
4 17.6 3.6 0.3 4.8 287 69 19
7 18.4 3.2 0.3 4.6 228 41 18
8 18.4 34 0.3 4.8 248 54 18
9 18.4 3.6 0.3 5.1 268 88 25
14 20.0 3.2 0.4 4.8 216 151 41
15 20.0 3.2 0.3 4.8 216 157 42
16 20.0 3.2 0.2 4.8 246 216 46
21 21.6 3.0 0.3 4.8 272 260 46
22 21.6 3.2 0.3 5.1 223 200 47
25 23.2 2.7 0.3 4.6 256 260 50
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Fig.5 Microstructures of laser cladding coatings. (a) Cross section; (b) substrate structure zone; (c) cladding zone
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Fig.6 XRD patterns of coating with different parameters
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Fig.7 Microhardness of the laser cladding coatings with different parameters
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