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Figure 1 (Color online) Synthesis of spherical graphene-skinned Cu powder and its morphology analysis. (a) Schematic of high-temperature
remelting chemical vapor deposition; (b)—(d) SEM images of spherical graphene-skinned Cu powder synthesized at 1200°C (b), 1300°C (c), and 1400°C
(d), respectively; (e) roundness of spherical graphene-skinned Cu powder synthesized at different temperatures; (f) particle size distribution of two types

of spherical graphene-skinned Cu powder
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Figure 2 (Color online) Temperature-dependent spherical graphene-skinned Cu powder and the graphene on its surface. (a)—(c) SEM images of single
spherical graphene-skinned Cu powder synthesized at 1200°C (a), 1300°C (b), and 1400°C (c), respectively; (al)—(cl) zoomed-in SEM images
corresponding to figures (a)—(c); (d) typical Raman spectra of temperature-dependent spherical graphene-skinned Cu powder
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Figure 3 (Color online) Typical results of spherical graphene-skinned Cu powder. (a, b) SEM images of pristine Cu powder (a), and graphene-skinned
Cu powder (b); (c) Raman spectra of single graphene-skinned Cu powder; (d) zoomed-in SEM image of single graphene-skinned Cu powder; (¢) TEM
image of graphene layers obtained from the wet-transfer process
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Figure 4 (Color online) Antioxidation behavior of spherical graphene-skinned Cu powder. (a), (b) SEM images of pristine Cu powder before (a) and
after (b) NaOH corrosion treatment; (c), (d) SEM images of pristine graphene-skinned Cu powder before (c) and after (d) NaOH corrosion treatment;
(e) Raman spectra of graphene-skinned Cu powder before and after NaOH corrossion treatment; (f) TG curves of pristine and graphene-skinned

Cu powders, and the inset shows the partial enlargement curves
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The escalating demand for spherical copper powders in next-generation applications spanning additive manufacturing,
flexible electronics (e.g., screen-printed stretchable circuits), and electrical contact systems (e.g., vacuum circuit breakers)
necessitates the integration of high sphericity, superior flowability, and robust oxidation resistance. Yet, conventional
manufacturing paradigms remain constrained, particularly due to the unavoidable coalescence of partially molten droplets.
The coalescence results in irregular morphologies, excessive satellite particles, and broad-size distributions. Additionally,
the sequential process of spheroidization followed by coating requires multi-step workflows involving sequential melting,
solidification, surface activation, and coating, thereby introducing interfacial contamination risks and energy-intensive
thermal cycling. Integrating functional coating layers during the spheroidization process offers a promising solution to
minimize particle agglomeration and functionalize copper powder simultaneously. A graphene “skin” with poor wettability
at copper interfaces not only prevents particle adhesion but also endows exceptional properties such as high electrical
conductivity and oxidation resistance through its high electron mobility and barrier effect against water/oxygen
permeation. In this study, an innovative high-temperature remelting chemical vapor deposition method was introduced. In a
vertical reactor with an applied mild high-temperature field, copper feedstock descends through a vertical thermal gradient
furnace while methane ascends under controlled flow. This configuration synergistically couples surface tension-driven
spheroidization (where the particles are melted by heat exchange and molten copper droplets achieve near-ideal spherical
geometry) with few-layered graphene growth (where methane cracking and carbon nucleation on the molten copper
surface). The molten copper improves the diffusion and migration of carbon atoms, ensuring the supply of carbon atoms,
and the liquid-phase surface also facilitates the rotation, alignment, and movement of graphene grains. In addition, the
upward reaction atmosphere slows down the falling speed of copper powder and prolongs the gas-liquid interaction time.
Experimental results demonstrate the successful production of highly spherical copper powder with sphericity reaching
0.89+0.11 at 1400°C. The graphene layers (fewer than 10 layers) are well aligned, and the carbon atoms in each layer are
clearly distinguished through the transmission electron microscope, which suggests the good crystallinity of graphene.
Towards the requirement of additive manufacturing or fusion-immersion sintering processes, two types of graphene-
skinned copper powders with median particle size distributions in the range of 25-40 pm and 60-80 pm can be obtained
after high-temperature growth. Comparative tests reveal that graphene-skinned copper powder exhibits significantly
enhanced oxidation resistance compared to bare copper powder after NaOH corrosion or air oxidation treatments. The
developed high-temperature remelting chemical vapor deposition technology enables continuous production of graphene-
skinned copper powder with both high sphericity and elevated oxidation threshold temperature. This technique addresses
critical limitations in traditional manufacturing approaches by integrating spheroidization and functionalization into a
single-step process. The proposed strategy establishes a robust foundation for the mass production of high-performance
spherical copper powder, potentially revolutionizing material supply for advanced applications.
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