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Abstract: To understand the method of controlling the morphology of diamond-like carbon (DLC) films
on the surface of alumina particles during surface modification, this paper, based on a hollow cathode
discharge plasma surface deposition system, investigates the morphological characteristics of DLC film
layers grown on alumina particles surfaces under the influence of different forms of applied voltage and
the formation mechanism of different film layer morphologies. Observations of the morphology of
diamond-like film layers deposited under different conditions reveal that under the action of DC voltage,
the film layer completely retains the intrinsic morphology of the particles; while under the action

of pulse voltage, numerous island-like protrusions appear on the film surface. The reasons for the
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occurrence of these two types of film morphologies are analyzed based on the growth mode of the
film layer and the interaction between energetic ions and the substrate. When the film layer is not
fully covering the alumina, the difference in chemical bonding energy causes carbon atoms to
preferentially form island-like structures on the surface of alumina, and the uneven spatial
distribution of ion flux density caused by charge accumulation on the substrate surface leads to
uniform film growth. On the other hand, when the film layer completely covers the alumina,
high-energy ions induce lateral displacement of carbon atoms on the film surface, resulting in a
smoother film texture. To facilitate the formation of island-like structures for diamond-like film
layers on alumina particles’ surfaces, it is necessary to limit the duty cycle and voltage amplitude of pulse
voltage to control the accumulated charge, and reduce the proportion of ions with energies exceeding 350
eV so that the island-like structures can be preserved. By adjusting the deposition parameters to deposit
diamond-like carbon film layers with island-like structures on the surface of alumina powder particles,
the specific surface area of the particles can be increased, which is beneficial for improving the bonding
performance between the particles and the epoxy resin matrix.

Keywords: diamond-like film; plasma enhanced chemical vapor deposition; application voltage

form; particle modification; morphological characteristics
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Fig. 1 Structure of the plasma deposition system
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Fig. 2 Operational mechanism of the ion energy diagnostic

chamber
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Fig. 3 Raman spectra of diamond-like films on the

surface of alumina particles
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Fig. 4 Surface morphology of alumina powder particles coated with diamond-like carbon film
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Fig. 5 Element distribution on the surface of particles
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Fig. 6 Apparent element abundance in different regions of

the particle surface
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Fig. 7 Diagram of tension direction at the interface
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Fig. 8 Variation law of the thickness of diamond-like carbon
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