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Pretreatment process for electroless bright nickel plating on 6061 aluminum alloy
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Abstract: [Objective] To develop a secondary zinc dipping pretreatment formulation for electroless bright nickel plating
on 6061 aluminum alloy, optimize the process parameters of secondary zinc dipping and zinc stripping, and obtain a
uniform, thin, and compact zinc displacement layer as a favorable substrate for subsequent electroless bright nickel plating.
[Method] The effects of FeCl; concentration and surfactant type and concentration in zinc dipping solution, first zinc
dipping time, zinc stripping time, and secondary zinc dipping time on the morphology, elemental composition, and surface
roughness of the zinc immersion layer were studied using scanning electron microscopy (SEM), energy-dispersive
spectroscopy (EDS), and laser confocal scanning microscopy (LCSM). The microstructure, glossiness, and adhesion of
the electrolessly plated Ni—P alloy coating were characterized. [Result] The zinc dipping formulation was optimized as
follows: zinc oxide 6 g/L, sodium hydroxide 60 g/L, potassium sodium tartrate 15 g/L, ferric chloride 1 g/L, and
polyethylene glycol 6000 (PEG 6000) 500 mg/L. The optimized pretreatment process parameters were as follows: first
zinc dipping for 40 s, zinc stripping for 3 s, and second zinc dipping for 20 s. With this process, a uniform and compact
zinc dipping layer was obtained on the 6061 aluminum alloy surface. The subsequent Ni—P alloy coating obtained after
1 hour of electroless plating exhibited a mirror-bright appearance (glossiness of 502 GU), uniform thickness (average
value of 13.5 um, coefficient of variation of 1.22%), adhesion rated as class 0, and a compact and defect-free
microstructure. [Conclusion| Appropriate pretreatment of aluminum alloy facilitates the subsequent electroless plating
to obtain Ni—P alloy coatings with excellent performance. This study provides a reliable pretreatment scheme for
electroless nickel plating on aluminum alloys.

Keywords: aluminum alloy; pretreatment; secondary zinc dipping; electroless plating; bright nickel
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Figure 1 Process flow of pretreatment for 6061 aluminum alloy
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Figure 2 Surface morphology of first zinc dipping layer obtained with different FeCls mass concentrations
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Figure 4 Effect of surfactant type and concentration on Zn mass fraction on 6061 aluminum alloy after first zinc dipping
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Figure 5 Surface morphology and EDS mapping of first zinc dipping layers obtained with
different PEG 6000 concentrations
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Figure 6 Surface morphology and EDS mapping of first zinc dipping layers obtained with
different PEG 20000 concentrations
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Figure 7 Zn mass fraction on specimen surface after different first zinc dipping durations
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Figure 8 Surface morphology and EDS mapping of specimens after different first zinc dipping durations
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Figure 9 Surface morphology of specimens after different zinc stripping durations
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Figure 10 Surface roughness of specimens after different zinc stripping durations
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Figure 11 Surface morphology of specimens after different secondary zinc dipping durations
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Figure 12 Cross-sectional morphology of specimens after different secondary zinc dipping durations
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Figure 13 Appearance of Ni-P alloy coating Figure 14 Appearance of Ni-P alloy coating after cross-cut test
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Figure 16 Surface morphology, cross-sectional morphology, and elemental composition of Ni-P alloy coating
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