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Abstract: Aiming at the interface defect issue of 45/CuSn5 alloy cladding layer, this study proposes a
method for suppressing interface defects and optimizing the performance of 45/3161./CuSn5 gradient
cladding layer prepared by laser cladding additively using 3161 as a transition layer. By systematically
comparing the microstructure and element distribution of the interface between the 45/CuSn5 single
cladding layer and the 45/3161./CuSn5 gradient cladding layer, the control mechanism of the 316L
transition layer is revealed, and the properties of the substrate and gradient cladding layer are compared and
studied. The results show that the gradient cladding layer forms a defect-free metallurgical bonding
interface due to the introduction of 3161 transition layer, and the interface exhibits obvious elemental
interdiffusion. The high concentration gradient of Cr element effectively reduces the interface energy and
suppresses crack initiation. The diffusion of Cu element into 3161, promotes the formation of a Cu-Ni solid
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solution, while the transition from 3161 to the CuSnb surface cladding layer realizes a transition from

austenite (y-Fe) to an a-Cu solid solution. This crystallographic structure transition effectively suppresses

the formation of interfacial brittle phases, thereby achieving interface defect suppression. In the friction and

wear test under dry friction conditions with a load of 20 N and reciprocating linear motion for 30 min, the

average friction coefficient of the gradient cladding layer is 0.1486, significantly lower than that of the
substrate (0.4080) ; the wear rate is 1.723 mm®+N '*m ', which is 30.21% lower than that of the substrate
(2.469 mm’*N~'-m™") , achieving optimized wear resistance of the substrate. Electrochemical corrosion

tests further show that in a 3.5% NaCl solution, the corrosion current density of the gradient cladding layer
(3.105X10°% A-cm™?)is one order of magnitude lower than that of the substrate (4.839X10° A-cm™?),

with the corrosion rate reduced by 93.58 % , demonstrating significantly enhanced corrosion resistance.
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Table 1 Elemental compositions and content of the substrate

and alloy powders(mass fraction/ %)

Material C Si Mn Cr Ni Mo Fe Sn Cu

45 043 0.3 0.6 0.25 0.25 1.23 Bal.
316L 0.02 08 2 18 12 2.5 Bal
CuSn5  0.01 0.5 05 05 5 Bal.
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Fig.1 Macroscopic morphologies of cladding layer

(a)cross-sectional morphology of a single cladding layer; (b)cross-sectional morphology of gradient cladding layer;

(c)surface morphology of 45 steel optical axis after laser cladding gradient layer
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Fig.2 Cladding defects of single cladding layer 45/CuSn5

(a)cracks in cladding layer; (b)interface lack of fusion and crack defects; (¢ )interface porosity, lack of fusion, and crack defects
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Fig.3 Microstructures of 45/3161./CuSn5 gradient cladding layer
(a)45/316L/CuSn5 gradient cladding layer interface ; (b)45/316L interface; (¢)3161./CuSn5 interface
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Table 2 Elemental compositions and contents of point scan

spectra(mass fraction/ %} )

Spectrum Cu Fe Cr C Ni
1 74.4 12.7 3.6 4.0 3.1
2 44.7 23.2 10.9 4.5 7.1
3 10.5 56.0 14.9 3.9 8.7
4 11.3 62.2 11.1 4.4 7.6
5 40.8 35.0 14.0 4.0 3.3
6 15.9 43.5 22.9 3.9 4.5
7 90.4 2.1 0.4 5.2 14
+0-Cu -CuSn5
o y-Fe s ~316L
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Fig.6  XRD patterns of phase compositions of cladding layer
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(a)COF curves; (b)average COF and wear amount
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Table 3 Friction and wear related parameters

Sample Average coefficient of friction Microhardness(HV,,) ~ Wear volume/mm?® Wear rate/ (mm**N"'-m ")
45 0.4080 165.26 0.2469 2.469
45/3161./CuSn5 0.1486 86.24 0.1723 1.723
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Fig.10 Microscopic morphologies of wear marks on substrate(a) and gradient cladding layer(b)
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