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Abstract: [Objective] To address the issues of substrate etching and high cost associated with conventional palladium
activation, an aluminum-contact nickel activation followed by electroless Ni—P plating process was proposed, aiming to
prepare protective Ni—P alloy coatings with excellent performance on copper spheres of different sizes (submicron,
micron, and millimeter). [Method| A Ni activation layer was firstly deposited on the surfaces of submicron-, micron-,
and millimeter-sized copper spheres via aluminum-contact nickel activation, followed by the deposition of continuous
and compact Ni—P alloy coatings through electroless plating. The surface and cross-sectional morphologies, chemical
composition, and phase structure of the coatings were studied using scanning electron microscopy (SEM), energy-
dispersive spectroscopy (EDS), X-ray diffraction (XRD), and focused ion beam scanning electron microscopy (FIB—
SEM). The oxidation resistance and corrosion resistance of the copper spheres before and after Ni—P alloy deposition
were studied through thermogravimetric analysis (TG) and inductively coupled plasma optical emission spectroscopy
(ICP-OES). [Result] Complete, compact, and well-bonded amorphous Ni—P alloy coatings were obtained on copper
spheres of all scales. The coatings exhibited a typical nodular structure, with uniform distribution of Ni and P elements,
forming a distinct core—shell structure. [Conclusion| The aluminum-contact nickel activation effectively avoids
corrosion of copper substrate while significantly reducing activation costs. The prepared Ni—P alloy coatings demonstrate
excellent oxidation and corrosion resistance. This study provides a new process route for surface protection of copper
spheres across multiple scales.
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Figure 1 Schematic diagram showing the mechanism of aluminum-contact nickel activation
and electroless Ni—P plating on surfaces of copper spheres
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Figure 2 Microscopic morphologies of submicron copper spheres before (a) and after (b) electroless Ni—P alloy plating,
and the distribution of element Ni (c) and P (d) after plating
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Figure3 Microscopic morphologies of micron copper spheres before (a) and after (b) electroless Ni—P alloy plating,
and the distribution of element Ni (c) and P (d) after plating
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Figure 4 Microscopic morphologies of 0.1 mm-diameter copper spheres before (a) and after (b) electroless Ni—P alloy
plating, and the distribution of element Ni (c) and P (d) after plating
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Figure S Microscopic morphologies of 1 mm-diameter copper spheres before (a) and after (b) electroless Ni—P alloy plating,
cross-sectional micromorphologies after plating (c, d), and distribution of element Cu (e), Ni (f), and P (g)
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Figure 6 XRD patterns of submicron copper spheres and micron copper spheres
before and after electroless Ni—P alloy plating
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Figure 7 Thermogravimetric curve of submicron copper spheres before and after electroless Ni—P alloy plating
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Figure 8 Surface morphology and elemental distribution of bare micron copper spheres (a—c) and micron copper spheres
electroless plated with Ni—P alloy (d—f) after immersion in deionized water for 10 days
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Figure 9 Surface morphology and elemental distribution of bare 1 mm-diameter copper spheres (a—c) and 1 mm-diameter
copper spheres electrolessly plated with Ni-P alloy (d—f) after immersion in deionized water for 60 days
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