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Influence of Ni Additions on the Microstructures and Properties
of Laser Clad CuAll0 Coatings
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Abstract To further improve the corrosion resistance performance of CuAll0 alloy laser cladding coating, the
influence of Ni additions on the microstructures and properties of CuAll0 coatings produced by laser cladding is
investigated. Laser cladding is performed on 316L stainless steel surface by a HPDL-D30 diode laser with direct
injection powders. Laser cladding coatings are characterized by scanning electron microscopy (SEM), energy
dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD) and microhardness tester. The electrochemical
corrosion behavior of cladding layers is evaluated. The results show that the coating have an excellent metallurgical
bonding with the substrate and homogeneous microstructure. The addition of Ni element can significantly improve
the corrosion resistance performance of laser cladding coatings. The corrosion resistance of claddings increase with
increasing the mass fraction of Ni, reaching a maximum at 6.0%. The cladding without Ni mainly consists of « - Cu,
«a - Fe, AlFe; and Cu,Aly, while the addition of Ni element cladding mainly consists of « - Cu, a - (Cu,Ni), AlCu; and
CwAL.
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Table 1 Alloy powder with different Ni additions and laser cladding parameters

Ni mass CuAll0 mass Laser Scan Powder Overlapping
Sample number

fraction /% fraction /% power /W rate /(mm/min) rate /(g/min) rate
Ni-0# 0 100
Ni-1# 1.5 98.5
Ni-2# 3.0 97.0 1800 240 15 50%
Ni-3# 4.5 95.5
Ni-4# 6.0 94.0

WOCIEERE R TR E S E R S R 12 mmx 12 mmx 12 mm B4 HRRE, FTEE %5 | 8 B AR L4 2
H VINHLOH): V(H,0,): V(H,0)=5:3:2 F 8 (14 % W0 i 2 2647 16 b, de 5 FH G R RE 75 D T 0k o 8 ks A B 5
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Fig.1 Interface micrographs of Ni—1# and Ni-2# laser cladding coating. (a) Ni—1#; (b) Ni-2#
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Table 2 Grain composition of the interfaces of Ni—1# and Ni-2# laser cladding coating

Al Fe Ni Cu
Sample Mass Atomic Mass Atomic Mass Atomic Mass Atomic
fraction /% fraction /% fraction /% fraction /% fraction /% fraction /% fraction /% fraction /%
Ni—1# 12.30 22.87 70.10 62.98 3.85 3.29 13.76 10.86
Ni—2# 6.18 12.19 77.11 73.52 4.10 3.72 12.62 10.57
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Fig.2 Micrographs of central cladding coating with different mass fractions of Ni. (a) 0%; (b) 1.5%; (¢) 3.0%; (d) 4.5%
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Fig.3 Binary alloy phase diagram of Al-Cu
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Table 3 Dendrite composition of central cladding coating of Ni—1#

Al Fe Ni Cu
Ni-1# Mass Atomic Mass Atomic Mass Atomic Mass Atomic
fraction /% fraction /% fraction /% fraction /% fraction /% fraction /%  fraction /%  fraction /%
White zone 14.36 28.22 2.01 1.91 0.98 3.29 82.55 68.90
Black zone 9.54 19.86 1.46 1.47 0 0 89.00 78.67
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Fig.4 XRD pattern of samples Ni—0# and Ni-2#
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Fig.5 Microhardness curves of samples
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Fig.6 Polarization curves of samples
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Table 4 Tafei fitting data of polarization curves

Sample Ni-0# Ni-1# Ni—-2# Ni-3# Ni-4#
E... I'V(SCE) -0.335 -0.271 -0.345 -0.278 -0.243
Lo /(107° A) 2.05 1.847 1.54 0.8528 0.726
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Fig.7 Diagram between Ni content and corrosion potential and corrosion current
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