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Composition and Properties Continuously Changed Gradient
Coating Fabricated by High Power Diode Laser
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Abstract To obtain gradient coating with changed components and properties, the gradient coating comprised of
two-kind metal powders (Ni25/Ni60 and AlSil12/Fe62) is fabricated with paraxonic synchronism powder feeding
mode, 2.5 kW high power diode laser and 4 channels powder system. The 9-mm width spiral gradient coatings on
45 # steel stick are achieved. Meanwhile, energy dispersive spectroscopy (EDS), microstructure and micro-hardness
of coating are studied. The experimental results show that along the forming direction, the content of element Cr and
the micro-hardness decrease continuously in Ni25/Ni60 gradient coating; the contents of elements Fe, Cr and Al
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change continuously in AlSil12/Fe62 gradient coating; the microstructures in both coatings change obviously.
Key words laser technique; high power diode laser; gradient coating; components and properties changed continuously
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Fig. 1 Schematic of arrangement of HPDL fabricating composition and property continuously changed gradient coating
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Table 1 Composition (mass fraction) and hardness of Ni25/Ni60

Cr /% B/% Si /% C/% Fe /% Ni /% Hardness/ HRC
Ni25 8.0 2.0 2.5 0.2 5.0 80.042.0 2542
Ni60 17.0 3.5 4.0 1.0 5.0 70.0+4.0 60+2
2 AISi12 Hl Feb2 ¥y K B4 (i 4348 0)
Table 2 Composition of AlSi12/Fe62 (mass fraction, %)
Cr/% B/% Si /% C/% Fe /% Al /%
AlSil2 / 0.8 5.0 / / Bal
Fe62 43.0 1.8 1.0 5.0 Bal /
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Table 3 Matching parameters of Ni25/Ni60
(AlSi12/Fe62) powders

Cyw/(r/min) D /(r/min) T /s
Ni25(AlSi12) 0.2 6.0 150
Ni60(Fe62) 6.0 0.2 150
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Table 4 Specimen position in the gradient coating
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Fig. 2 Photo of cross section of coating
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Fig. 3 Analysis position of EDS in Ni25/Ni60 gradient coating
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Fig. 4 EDS results of Ni25/Ni60 gradient coating
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Table 5 Content of Cr in gradient coating Ni25/Ni60 Cr &8 Ni25  H AR AL Cr 484K, 5@ T EDS
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Fig. 5 EDS results for 1-4H cladding layer and interface of sample. (a) Photo of position of EDS; (b) results

of EDS test
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Table 6 Elements contents tested by EDS at the 43 Cr ﬁ%ﬁ%ﬁ@?ﬁ%{ﬁ

interface of cladding layer and substrate
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Fig. 6 Microstructure of Ni25/Ni60 gradient coating sample. (a) 1-1H sample; (b) 1-2H sample;
(¢) 1-3H sample; (d) 1-4H sample
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Table 7 HV1 results of Ni25/Ni60 gradient coating

dy/pm dy/pm HV1 dy/pm dy/pm HV1
51.9 54.0 661 57.4 58.5 552
Layer 52.2 51.2 694 Layer 57.3 55.3 585

1-1H 1-2H
53.2 53.5 652 57.4 57.9 558
Base 102.1 97.0 187 Base 100. 0 96.1 193
60.5 60. 2 509 64. 4 65.5 440
Layer 61.6 60. 4 498 Layer 66. 5 66. 3 421

1-3H 1-4H
61.3 61.2 494 66. 4 65.9 424
Base 97.0 95.9 199 Base 99.1 96.9 193

Standard GB/T 4340.1-2009

8 Ni25/Ni60 £ B I 2 WA fE - ¥ (H
Table 8 Average values of micro-hardness in

Ni25/Ni60 gradient coating

1-1H 2-2H 3-3H 4-4H

Micro-hardness /HV1 669.3 565.2 498.5 428.3
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Fig. 7 Change of micro-hardness versus mass fraction

of Cr in the gradient coating
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Fig. 8 Photo of gradient coating AlSil12/Fe62
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Table 9 Element content of AlSil2/Fe62 gradient

coating (mass fraction, %)

2-1H 2-2H 2-3H 2-4H
Fe 69.67 67.90 58.42 2.74
Cr 25.07 16. 49 6.48 0
Al 2.50 10. 74 30. 55 87.17
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Fig. 9 EDS values of elements in AlSi12/Fe62 gradient coating. (a) Sample 2-1H; (b) sample 2-2H;
(¢) sample 2-3H; (d) sample 2-4H
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Fig. 10 Change of Fe, Cr and Al in the gradient coating
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Fig. 11 Microstructure of AlSi12/Fe62 gradient coating.
(a) Sample 2-1H; (b) sample 2-2H; (c¢) sample
2-3H; (d) sample 2-4H
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